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General Methods

Unless otherwise noted, reagents and solvents were purchased from commercial sources and used without
further purification. (£)-1,16-Dihydroxytetraphenylene (DHTP) were synthesized according to literature
procedure (Synthesis, 2017, 49, 181-187). Enantiopure oxazoline-based cyclometalated gold(ll1)
dichlorides were synthesized according to literatures (Angew. Chem. Int. Ed., 2017, 56, 3074-3079; Org.
Lett., 2019, 21, 6289-6294). Potassium alkynyltrifluoroborates were prepared according to literatures
(Org. Lett., 2020, 22, 7427-7423; Org. Lett., 2013, 15, 5052-5055). Allylic alcohol substrates were
prepared according to literatures (Angew. Chem. Int. Ed., 2012, 51, 3470-3473; Synthesis 2015, 47, 976-
984; Synthesis, 2011, 2600-2608). Thin layer chromatography was performed on precoated silica gel 60
F25 plates. Flash column chromatography was performed using silica gel (200-300 mesh). *H NMR and
13C NMR spectra were recorded on Bruker Ascend™ 400 and Ascend™ 600 spectrometers. Chemical
shifts (ppm) were referenced to TMS and coupling constants are given in Hz. Data for *H NMR were
recorded as follows: chemical shift (6, ppm), multiplicity (s, singlet; brs, broad singlet; d, doublet; dd,
double doublet; ddd, double-double doublet; t, triplet; td, triple doublet; tt, triple triplet; g, quartet; qd,
quadruple doublet, m, multiplet), coupling constant (Hz), integration. Data for **C NMR are reported in
terms of chemical shift (5, ppm). Data for °F NMR and *'P NMR were reported in terms of chemical
shift (8, ppm). High resolution mass spectra (HRMS) were obtained on Thermo Scientific Q Exactive, or
Waters Xevo G2-XS QTof spectrometers. X-ray crystallographic data were recorded on Bruker D8
VENTURE. High pressure liquid chromatography (HPLC) analyses were performed on Agilent 1260
Infinity 11 equipped with chiral column from Daicel®. Circular dichroism (CD) spectra were measured on
an Applied Photophysics Chirascan spectrometer. Melting points (mp) were determined on an SGW X-
4A microscopic melting point apparatus. Optical rotations were recorded on a Rudolph Automatic
Polarimeter. IR spectra were collected on Bruker VERTEX 70v and Bruker VERTEX 80v spectrometers.
Known compounds were characterized by comparison of their *H, and *C NMR spectra the previously

reported data.
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Experimental Procedures

HPLC spectrum of (+)-DHTP:

Daicel Chiralpak® AD-H, 40% 'PrOH, 60% hexane, 0.7 mL/min, 30 °C, 220 nm; tr: = 8.11 min, trz =
12.69 min.
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Signal 1: DAD1 A, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 8.106 BB ©0.1807 1353.62769 115.51038 53.6074
2 12.689 BB ©.3123 1171.44958 57.83095 46.3926

Procedure for Optical Resolution of ()-DHTP by Enantiopure (R)-3
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To a solution of (x)-1,16-dihydroxytetraphenylene (DHTP) (168 mg, 0.5 mmol) and Cs,COs (342
mg, 2.1 eq.) in CH2Cl> (10 mL) was added enantiopure oxazoline-based cyclometalated gold(ll)
dichloride (R)-3 (252 mg, 1.0 eq.). A yellow precipitate was formed in a suspension quickly (within
minutes). The resulting mixture was stirred for additional 1 h at room temperature (25 °C). The yellow
precipitate was collected by filtration, washed with H20 (5 mLx 2) and CH2Cl (5 mLx 2), dried under
vacuum to give O,0’-chelated DHTP/Au(l1l) complexes (S,R)-4 as a yellow powder. Subsequently, the
obtained (S,R)-4 was added in CH2Cl, (10 mL). To the resulting suspension of (S,R)-4 in CH2Cl> was
added 6N hydrochloric acid (2 mL) at room temperature. After being stirred for 30 min, the solvent was
removed under reduced pressure. The residue was purified by flash chromatography on silica gel (100%
CHCI to EtOAc/hexane 1:1) to give (S)-DHTP as a white solid (74 mg, 44% yield, 99% ee), and
recovered (R)-3 (108 mg, 43% yield).

HPLC spectrum of the obtained (S)-DHTP: Daicel Chiralpak® AD-H, 40% 'PrOH, 60% hexane, 0.7
mL/min, 30 °C, 220 nm; 99% ee (tr (major) = 8.10 min, tr(minor) = 12.39 min).
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Signal 2: DAD1 B, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
e Er T P | --mmeeee |--mmemee | --mmeee |
1 8.105 BB 0.1749 2.65666e4 2367.14819 99.2822
2 12.392 BB ©.2897 192.@8732@ 10.19740 0.7178



The filtrate [~ 20 mL DCM, mainly containing (R,R)-4] was washed with H>O (10 mL x 2) and the
CH:CI; layer was separated. To the collected CH2Cl layer was added 6N hydrochloric acid (2 mL) at
room temperature. After being stirred for 30 min, the solvent was removed under reduced pressure. The
residue was purified by flash chromatography on silica gel (100% CH.CI, to EtOAc/hexane 1:1) to give
(R)-DHTP as a white solid (83 mg, 49% vyield, 90% ee), and recovered (R)-3 (127 mg, 51% yield).

HPLC spectrum of the obtained (R)-DHTP: Daicel Chiralpak® AD-H, 40% 'PrOH, 60% hexane, 0.7
mL/min, 30 °C, 220 nm; 90% ee (tr (major) = 12.34 min, tr(minor) = 8.08 min).
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
I R |-l mme e |-mmeemeee |- mme e R |
1 8.08@ BB 0.1659 899.11420  83.29595 5.0858
2 12.339 BB 0.2871 1.67796e4  901.87585 94.9142



HPLC Spectra of (S)-DHTP and (R)-DHTP from Multi-Grams Scale Optical Resolution of
(+)-DHTP and Recyclability Experiments of (R)-3RIPIC]

2) 6N HCI, CH,Cl,

R —> (S,R)-4 r.t., 30 min > (S)-DHTP

Cs2COs (preciptate) l

(2.1 eq.)

CH,CI,

rt.,1h (R)-3

Filtration
(column-free) (recyclable)
(£)-DHTP
— - ’ -
1.0 eq. (ir(l’:il’fl?a:e) 2) 6N HCI, CH,CL, (R)-DHTP
r.t., 30 min
Entry Scale of Yield and ee of Yield and ee of Recovery yield
(x)-DHTP (S)-DHTP (R)-DHTP of (R)-3
(mmol) : : (%)
Yield [ee] (%) Yield [ee] (%)

1 30 45 [99] 49 [88] 98 (14.8 9)
2ldl 25 47 [99] 50 [95] 99
3l 20 45 [99] 50 [89] 98
4l 15 46 [99] 49 [93] 98
5ldl 10 46 [99] 48 [96] 99
6l 5 48 [99] 50 [87] 98

[a] Reaction conditions: step 1): (x)-DHTP (1.0 eq.), (R)-3 (1.0 eq.), Cs2COs3 (2.1 eq.), CH2Cl;
([substrate] = 0.1 M), room temperature (25 °C), reaction time: 1 h; step 2): CHCl ([substrate] = 0.1 M),
HCI (6 N, ag.), room temperature, reaction time: 30 min. [b] Yield of isolated product. [c] ee% was

determined by chiral HPLC analysis. [d] (R)-3 came from the last reaction cycle.

HPLC analyses conditions: Daicel Chiralpak® AD-H, 40% 'PrOH, 60% hexane, 0.7 mL/min, 30 °C, 220

nm.



A) HPLC Spectra of the Obtained (S)-DHTP from Different Scales
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B) HPLC Spectra of the Obtained (R)-DHTP from Different Scales
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Procedure for Optical Resolution of (x)-DHTP by Enantiopure (S)-3

(L0,
%:

(+)-DHTP (S)-3
10 mmol 10 mmol /“ AN

2) 6N HCI, CH,CI,
r.t., 30 min

(R)-DHTP
~ 45% 46% yield
E \ >99% ee
CH,CI Br
rt,1h (R,5)-4 ’ totally
P B (precipitate) 97%
Filtration recycled
(column-free) =
"‘\/‘/7_0 52%
e N
Al (S)-DHTP
g z

N?So 2 6NHCL CHCl, 529 yield

1)

Cs,CO;
(2.1 eq.)

&(S) r.t.,, 30 min 90% ee

(S,5)-4 El)
(in filtrate)

To asolution of (+)-DHTP (3.36 g, 10 mmol) and Cs.COz (6.83 g, 2.1 eq.) in CH2Cl2 (100 mL) was
added enantiopure oxazoline-based cyclometalated gold(l11) dichloride (S)-3 (5.04 g, 10 mmol). A yellow
precipitate was formed in a suspension quickly (within minutes). The resulting mixture was stirred for
additional 1 h at room temperature (25 °C). The yellow precipitate was collected by filtration, washed
with H,O (100 mL x 2) and CHCl, (100 mL x 2), dried under vacuum to give O,O’-chelated
DHTP/Au(I11) complexes (R,S)-4 as a yellow powder. Subsequently, the obtained (R,S)-4 was added in
CH_CI; (50 mL). To the resulting suspension of (R,S)-4 in CH,Cl, was added 6N hydrochloric acid (10
mL) at room temperature. After being stirred for 30 min, the solvent was removed under reduced pressure.
The residue was purified by flash chromatography on silica gel (100% CH2Cl, to EtOAc/hexane 1:1) to
give (R)-DHTP as a white solid (1.55 g, 46% vyield, >99% ee), and recovered (S)-3 (2.26 g, 45% vyield).

HPLC spectrum of the obtained (R)-DHTP: Daicel Chiralpak® AD-H, 40% 'PrOH, 60% hexane, 0.7
mL/min, 30 °C, 220 nm; >99% ee (tr (major) = 12.53 min, tr(minor) = 8.12 min).
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Signal 2: DAD1 B, Sig=220,4 Ref=off

Peak RetTime Type Width Area Height Area
it [min] [min] [mAU*s ] [mAU] %

e P | mmme e [ommmmmees |==mmmees |
1 8.121 BB 0.1711 66.52022 5.91744 0.2408

2 12.527 BB 0.2980 2.75638e4 1435.65161 99.7592

The filtrate [~ 300 mL CH2Cl>, mainly containing (S,S)-4] was washed with H,O (100 mL x 2) and
the CHCl> layer was separated. To the collected CH2Cl. layer was added 6N hydrochloric acid (10 mL)
at room temperature. After being stirred for 30 min, the solvent was removed under reduced pressure.
The residue was purified by flash chromatography on silica gel (100% CH2Cl> to EtOAc/hexane 1:1) to
give (S)-DHTP as a white solid (1.74 g, 52% yield, 90% ee), and recovered (S)-3 (2.61 g, 52% vyield).

HPLC spectrum of the obtained (S)-DHTP: Daicel Chiralpak® AD-H, 40% 'PrOH, 60% hexane, 0.7
mL/min, 30 °C, 220 nm; 90% ee (tr (major) = 8.18 min, tr(minor) = 12.64 min).

s :
300—3

|
400% | |I

200 |

i 12.639

04 —

-
L
=

Signal 2: DAD1 B, Sig=2208,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 8.185 BB 0.1727 1.26352e4 1128.18079 95.1578
2 12.639 BB 0.3024 642.95929  32.84866  4.8422
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General Procedure for Synthesis of Enantiopure DHTP/oxazoline Au(l11) Complexes

/" Cs,€0;

) 7
ERN e Gl
CH,OH (5,5)4 B

(S)-DHTP[(S)-DHTP\ rt.1h 92%

(R)-DHTP | (R)-DHTP

(R)-3

CH30H (R,R)-4 Bn
rt., 1h 86%

To a solution of enantiopure (S)-DHTP or (R)-DHTP (34.0 mg, 0.1 mmol) and Cs>CO3 (68.3 mg,
0.21 mmol) in CH3OH (2.0 mL) was added enantiopure oxazoline-based cyclometalated gold(l1l)
dichloride (R)-3 or (S)-3 (50.4 mg, 0.1 mmol) at room temperature (25 °C). A yellow precipitate was
formed in a suspension quickly (within minutes). The mixture was stirred for additional 1 h at room
temperature, and then the precipitate was collected by filtration, washed by H,O and CH3OH, dried under
vacuum to give the corresponding O,O =chelated DHTP/oxazoline Au(lll) complexes (S,R)-4, (R,S)-4,

(S5,9)-4 and (R,R)-4, respectivey.

Yellow solid. 68.0 mg, 89% yield. mp 236.7 — 237.2 °C. [a]*’b: —979.7 (¢ = 1.06, CHClI5).

'H NMR (600 MHz, DMSO-dg) & 7.75 (d, J = 7.7 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.46 — 7.40 (m, 2H),
7.34-7.23 (m, 8H), 7.23 — 7.19 (m, 1H), 7.15 (g, J = 2.5 Hz, 2H), 7.12 — 7.07 (m, 2H), 7.06 — 6.99 (m,
3H), 6.88 (d, J = 7.9 Hz, 1H), 6.73 (d, J = 6.5 Hz, 1H), 6.50 (d, J = 7.5 Hz, 1H), 5.09 (t, J = 8.7 Hz, 1H),
4.93 - 4.84 (m, 2H), 3.56 (d, J = 13.4 Hz, 1H), 3.04 (dd, J = 13.6, 8.9 Hz, 1H).

13C NMR (150 MHz, DMSO-ds) & 180.32, 161.08, 160.10, 144.31, 143.53, 142.72, 142.56, 142.30,
141.66, 141.34, 136.47, 134.58, 134.03, 131.81, 129.85, 129.17, 129.09, 129.06, 128.88, 128.59, 128.16,

13



128.13, 128.08, 127.66, 127.58, 127.56, 127.42, 127.36, 124.09, 121.86, 121.70, 120.77, 77.82, 62.43,
38.02.

HRMS (ESI): [M+H]* Calcd. for [CaoHz200sNAu]* 768.1807, found 768.1800.

IR (neat): 3058, 3027, 2923, 2852, 1620, 1579, 1560, 1491, 1430, 1306, 1265, 1243, 907, 731 cm™.

Yellow solid. 70.0 mg, 91% yield. mp 228.9 — 230.4 °C. [a]®p: +924.0 (¢ = 1.0, CHCl5).

IH NMR (600 MHz, DMSO-ds) 5 7.75 (d, J = 7.8 Hz, 1H), 7.59 (t, J = 7.4 Hz, 1H), 7.46 — 7.40 (m, 2H),
7.33 — 7.24 (m, 8H), 7.21 (t, J = 7.4 Hz, 1H), 7.15 (d, J = 6.3 Hz, 2H), 7.10 (t, J = 8.3 Hz, 2H), 7.06 —
7.00 (m, 3H), 6.88 (d, J = 7.9 Hz, 1H), 6.73 (d, J = 6.3 Hz, 1H), 6.50 (d, J = 7.5 Hz, 1H), 5.09 (t, J = 8.8
Hz, 1H), 4.93 — 4.84 (m, 2H), 3.56 (d, J = 12.3 Hz, 1H), 3.03 (dd, J = 13.6, 8.9 Hz, 1H).

13C NMR (150 MHz, DMSO-ds) & 180.31, 161.08, 160.10, 144.31, 143.53, 142.72, 142.56, 142.30,
141.66, 141.34, 136.47, 134.58, 134.03, 131.81, 129.85, 129.17, 129.10, 129.06, 128.88, 128.59, 128.16,
128.13, 128.08, 127.66, 127.58, 127.55, 127.42, 127.36, 124.09, 121.86, 121.70, 120.77, 77.82, 62.43,
38.02.

HRMS (ESI): [M+H]" Calcd. for [CaoH200sNAU]* 768.1807, found 768.1808.

IR (neat): 3055, 3026, 2925, 2852, 1619, 1578, 1560, 1490, 1430, 1306, 1266, 1243, 910, 733 cm™.

Yellow solid. 71.0 mg, 92% yield. mp 235.9 — 236.5 °C. [a] *°b: —658.2 (¢ = 1.0, CHCl5).

'H NMR (600 MHz, CD2Cl,) & 7.95 (d, J = 7.8 Hz, 1H), 7.54 (td, J = 7.6, 1.6 Hz, 1H), 7.40 — 7.22 (m,
13H), 7.18 (dd, J = 5.6, 3.3 Hz, 1H), 7.16 (td, J = 8.3, 1.8 Hz, 2H), 7.05 (dt, J = 14.0, 7.7 Hz, 2H), 6.98
(dd, J = 8.1, 1.3 Hz, 1H), 6.86 (dd, J = 7.6, 1.3 Hz, 1H), 6.63 (dd, J = 7.4, 1.3 Hz, 1H), 4.84 — 4.72 (m,
3H), 3.76 (dd, J = 13.8, 2.9 Hz, 1H), 3.33 (dd, J = 13.8, 7.0 Hz, 1H).
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13C NMR (150 MHz, CD:Cl,) 5 181.20, 160.55, 144.93, 144.09, 143.68, 143.12, 142.48, 142.26, 141.76,
135.48, 134.82, 134.57, 132.43, 130.36, 129.53, 129.51, 129.20, 129.07, 129.00, 128.70, 128.39, 128.36,
128.00, 127.87, 127.67, 127.64, 127.41, 127.38, 124.84, 122.28, 121.35, 121.27, 76.90, 62.68, 39.38.
DEPT135 *C NMR (150 MHz, CD2Cly) & 134.27, 129.82, 128.99, 128.96, 128.66, 128.53, 128.45,
128.16, 127.85, 127.81, 127.45, 127.33, 127.12, 127.09, 126.86, 124.30, 121.74, 120.81, 120.72,
76.35(CHy), 62.13, 38.83(CH>).

HRMS (ESI): [M+H]" Calcd. for [CaoH200sNAU]* 768.1807, found 768.1807.

IR (neat): 3056, 3024, 2923, 2855, 1619, 1579, 1560, 1491, 1430, 1305, 1265, 1241, 908, 732 cm'..

Yellow solid. 66.0 mg, 86% yield. mp 236.0 — 236.7 °C. [¢]2%p: +693.1 (c = 1.02, CHCl5).

IH NMR (400 MHz, CD:Cl,) § 8.00 (dd, J = 7.9, 1.0 Hz, 1H), 7.58 (td, J = 7.6, 1.7 Hz, 1H), 7.44 — 7.27
(m, 13H), 7.25 — 7.18 (m, 3H), 7.10 (dt, J = 8.4, 7.5 Hz, 2H), 7.03 (dd, J = 8.0, 1.5 Hz, 1H), 6.91 (dd, J =
7.5, 1.3 Hz, 1H), 6.69 (dd, J = 7.3, 1.4 Hz, 1H), 4.91 — 4.70 (m, 3H), 3.79 (dd, J = 13.9, 2.5 Hz, 1H), 3.46
~3.30 (M, 1H).

13C NMR (100 MHz, CD2Cly) & 180.65, 160.01, 159.98, 144.40, 143.58, 143.11, 142.57, 141.95, 141.73,
141.23, 134.93, 134.29, 134.01, 131.90, 129.84, 129.00, 128.96, 128.68, 128.55, 128.48, 128.19, 127.88,
127.85, 127.48, 127.34, 127.15, 127.12, 126.89, 126.83, 124.32, 121.76, 120.86, 120.74, 76.34, 62.12,
38.82.

DEPT135 C NMR (100 MHz, CD:Cl) & 134.29, 129.84, 129.00, 128.96, 128.68, 128.55, 128.48,
128.19, 127.88, 127.85, 127.48, 127.34, 127.15, 127.12, 126.90, 124.32, 121.77, 120.86, 120.74, 76.34,
62.12, 38.82.

HRMS (ESI): [M+H]* Calcd. for [CaH2s0sNAu]* 768.1807, found 768.1809.

IR (neat): 3058, 3024, 2928, 2855, 1618, 1578, 1559, 1491, 1430, 1305, 1266, 1242, 908, 731 cm™.
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Procedure for Methoxymethylation and Borylation of (S)-DHTP

1. n-Buli (5 eq.) P‘Q
1. NaH (3 eq.) ) B,
N\

) THF, -78°C to r.t.
THF, 0°C, 15 min W—OMOM 21

(S)-DHTP > -
99% ee 2. MOMCI (4 eq.) OMOM 2. /ProBPin (5eq.) /"y OMOM
THF, 0°C to r.t. 3 THF, -78°C to r.t. \—° 5°
overnight overnight (S)-6 b(
(S)-5 2,15-bis-borylated

(S)-MOM-DHTP (S)-MOM-DHTP

To asuspension of NaH (60% in mineral oil, 2.4 g, 60 mmol) in dry THF (150 mL), enantiopure (S)-
DHTP (6.72 g, 20 mmol) was added under Argon atmosphere at 0 °C. After being stirred for 15 min,
chloromethyl methyl ether (6.1 mL, 80 mmol) was added dropwise. The resulting mixture was slowly
warmed to room temperature (25 °C) and stirred overnight. The reaction was quenched with ice water
(100 mL), and then THF was removed by evaporation. The residual aqueous layer was extracted with
CH:CI> (150 mL x 3). The combined organic phase was concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel (CH2Cl./EtOAc/hexane 1:1:10) to give 1,16-
bis(methoxymethoxy)tetraphenylene [(S)-5] as a white solid (8.06 g, 95% yield).

To a solution of (S)-5 (8.48 g, 20 mmol) in dry THF (350 mL) was added 1.6 M n-BuLi in hexane
(62.5 mL, 100 mmol, 5 eq.). The solution was stirred for 2 h at room temperature (25 °C). The resulting
suspension was cooled to -78 °C, and 2-isopropyl-4,4,5,5-tetramethyl-1,3,2-dioxabrolane (20.4 mL, 100
mmol) was added via syringe over a period of 20 min. The solution was allowed to warm to room
temperature and stirred overnight. The reaction mixture was cooled to 0 °C, H20 (150 mL) was added,
and the reaction mixture was stirred for 1 h. The THF was removed by evaporation. The residual aqueous
layer was extracted with CH.Cl> (200 mL x 3). The combined organic phase was concentrated under
reduced pressure. The residue was purified by column chromatography on silica gel (CH.CIl./EtOAC
/hexane 1:1:6) to give (S)-6 as white solid (12.17 g, 90% yield).
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(S)-5
(S)-MOM-DHTP

White solid. 8.06 g, 95% yield.

'H NMR (600 MHz, CD.Cly) & 7.37 — 7.31 (m, 2H), 7.30 — 7.24 (m, 2H), 7.20 — 7.14 (m, 1H), 7.10 (d, J
=8.3 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 5.07 (d, J = 6.6 Hz, 1H), 4.96 (d, J = 6.5 Hz, 1H), 3.31 (s, 3H).
13C NMR (150 MHz, CD,Cl,) & 154.41, 143.40, 141.45, 141.36, 128.96, 128.23, 128.04, 127.33, 127.29,
127.15, 122.87, 114.09, 95.19, 55.60.

HRMS (ESI): [M+Na]" Calcd. for [C2sH24NaO4]* 447.1567, found 447.1568.

HPLC: Daicel Chiralpak® AD-H, 3% 'PrOH, 97% hexane, 0.7 mL/min, 30 °C, 254 nm; >99% ee (tr
(major) = 8.25 min).

Racemic
DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-02-rac-mom-dhip-adh-97-3-30-0.7.D)
mAU B
80
704
60 3
503
403
304
204
10
0 T
—r - - - 1 - - - 1 - 1 T T 1 T T 1 T v T 1 T T T T T T T 1T
2 4 6 8 10 12 14 16 18 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
Y P PR |-mnemmeeee |=mmmmmmeee |--nnmee |
1 7.449 BV 0.1575 914.72015 89.31101 495.9080
2 7.967 VB 0.1675 918.09406 84.01053 50.0920
Totals : 1832.81421 173.32154
Enantioenriched
DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-02-S-mom-dhtp-adh-97-3-30-0.7.0)
mAU 7 o
140%
120
1OD€
80
60
40
20
0
T T T T T T T T T T
2 4 6 8 10 12 14 16 18 mi
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 8.252 BB 0.1579 1611.13196 156.79631 100.0000

Totals : 1611.13196 156.79631

S p@N:
B
(S)-6 O‘E

White solid. 12.17 g, 90% yield. mp 110.5 - 111.2 °C. [@]®p: —17.1 (¢ = 1.0, CHCl5).

'H NMR (600 MHz, CD.Cly) § 7.69 (d, J = 7.6 Hz, 1H), 7.37 — 7.33 (m, 2H), 7.28 — 7.25 (m, 1H), 7.20
—7.17 (m, 1H), 7.01 (d, J = 7.6 Hz, 1H), 4.83 (d, J = 6.0 Hz, 1H), 4.53 (d, J = 6.0 Hz, 1H), 2.84 (s, 3H),
1.36 (s, 6H), 1.36 (s, 6H).

13C NMR (150 MHz, CDCl,) & 160.62, 146.76, 141.32, 141.16, 135.84, 131.44, 129.05, 128.59, 127.48,
127.25, 124.69, 100.66, 83.59, 55.96, 24.62, 24.53.

HRMS (ESI): [M+Na]* Calcd. for [CaoH1sB20sNa]* 699.3271, found 699.3278.

IR (neat): 3063, 2979, 2928, 2823, 1595, 1467, 1360, 1308, 1218, 1140, 1063, 968, 858, 762, 667 cm™.

HPLC: Daicel Chiralpak® AD-H, 1% 'PrOH, 99% hexane, 0.7 mL/min, 35 °C, 254 nm; >99% ee (tr
(major) = 9.78 min).

Racemic

DAD1 B, Sig=254,4 Ref=off (xwb\2021-10-30-adh-99-1--35-0.7-rac-mom-bpin.D)

mAU 2 o
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 9.029 BV ©.3858 820.03979 32.78717 49.7838
2 9.845 VB 0.3861 827.16260  33.26366 50.2162

Totals : 1647.208239 66.05083
Enantioenriched
DAD1 B, Sig=254,4 Ref=off (xwb\2021-10-30-adh-99-1~35-0.7-8-mom-bpin.D)
s
1504
125
100
754 o
3
254 =
04 A -
— ‘T '~ T T I T I T T T T T T 1 T
2 4 6 8 10 12 14 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 9.779 BV R 0.3445 4225.39648 190.69658 94.7313
2 10.252 VB E ©.2028 235.00377 17.26702 5.2687

Totals : 4460.40025 207.96360
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General Procedure for Synthesis of 2,15-diaryl DHTPs

1) Standard Procedure:

2. HCI (conc.)
THF, 60°C
6h

1. Pd(PPhs), (10 mol%)
9’2 K,COj; (6.0 eq.)
s‘YB\O Br 1,4-dioxane / H,0
\/ OMOM 80°C, 6 h
+ >

OMOM \

5 ° 7 3

(S)-6 ‘of (4.0 eq.)

methoxymethylated (S)-8

To a Schlenk flask were added (S)-6 (1 mmol, 1.0 eq.), aryl bromine 7 (4.0 eq.), Pd(PPhs)4 (10 mol%),
K2COs (6.0 eq.), 1,4-dioxane (16 mL) and H2O (4 mL). The mixture was degassed and refilled with Ar
three times. The mixture was heated at 80 °C for 6 h. After cooling to room temperature (25°C), the
mixture was diluted with H.O (30 ml), and the aqueous layer was extracted with CH2Cl> (50 mL x 3).
The combined organic phase was concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (CH2Clz/hexane or EtOAc/hexane) to give the corresponding precursor,
methoxymethylated (S)-8.

The obtained methoxymethylated (S)-8 was dissolved in THF (10 mL) followed by the addition of
concentrated HCI (37% w/w, 2 mL). Tthe mixture was heated at 60 °C for 6 h (or 24 h). The solvents
were removed under reduced pressure, and the resulting residue was dissolved in CH2Cl. This organic
phase was washed with saturated aqueous NaHCOgz, and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel (EtOAc/hexane or EtOAc/hexane) to give the
corresponding 2,15-diaryl DHTP (S)-8.
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2) Modified Procedure [for (S)-8s and (S)-8t]:

1. Pd(PPhs), (5 mol%)

Pd(dba), (10 mol%)
o (£)-BIDIME (20 mol%)
B’ K3P04 (6.0 eq.)
I on

toluene
100 °C,24 h

2. HCl (conc.)

1,4-dioxane, 80 °C
24 h
Br
o 7t
> (4.0 eq.)
P Y
MeO i OI\;&§
(*)-BIDIME

To a Schlenk flask were added (S)-6 (1 mmol, 1.0 eq.), aryl bromine 7 (4.0 eq.), Pd(PPhs)4 (5 mol%),
Pd(dba). (10 mol%), (x)-BIDIME (20 mol%), KsPO4 (6.0 eq.), dry toluene (20 mL). The mixture was
degassed and refilled with Ar three times. The mixture was heated at 100 °C for 24 h. After cooling to
room temperature (25°C), the mixture was diluted with H>O (30 ml), and the aqueous layer was extracted
with CH>Cl> (50 mL x 3). The combined organic phase was concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel (CH.Cl./hexane) to give the corresponding
precursor, methoxymethylated (S)-8.

The obtained methoxymethylated (S)-8 was dissolved in 1,4-dioxane (10 mL) followed by the
addition of concentrated HCI (37% w/w, 2 mL). The mixture was heated at 80 °C for 24 h. The solvents
were removed under reduced pressure, and the resulting residue was dissolved in CH2Cl. This organic
phase was washed with saturated aqueous NaHCOgz, and concentrated under reduced pressure. The
residue was purified by flash chromatography on silica gel (EtOAc/hexane) to give the corresponding
2,15-diaryl DHTP (S)-8.

Compounds (z)-8 for HPLC determination were prepared by using racemic (+)-6 to instead of (S)-

6 under the above standard conditions and modified conditions.
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White solid. 439.6 mg, 90% yield. mp 150.0 — 151.5 °C. [a]®°p: +190.2 (c = 1.0, CHCls).

'H NMR (600 MHz, CDCl3) & 7.51 (d, J = 7.2 Hz, 2H), 7.40 (t, J = 7.7 Hz, 2H), 7.34 — 7.29 (m, 4H),
7.27 (d, J = 7.8 Hz, 1H), 7.19 — 7.15 (m, 1H), 6.90 (d, J = 7.8 Hz, 1H), 5.27 (s, 1H).

13C NMR (150 MHz, CDCls) & 149.16, 143.74, 141.44, 141.01, 137.30, 130.48, 129.34, 129.28, 128.62,
128.19, 127.58, 127.50, 127.41, 127.30, 122.20, 121.74.

HRMS (ESI): [M+H]" Calcd. for [C3sH2502]" 489.1850, found 489.1850.

IR (neat): 3532, 3058, 3019, 2925, 2852, 1467, 1417, 1219, 1183, 906, 751, 700 cm™,

HPLC: Daicel Chiralpak® AD-H, 20% 'PrOH, 80% hexane, 0.7 mL/min, 30 °C, 254 nm; 99% ee (ir
(major) = 9.64 min, tr(minor) = 8.04 min).

Racemic

DAD1 A, Sig=254,4 Ref=0off (xwb\0916-cjf-rac-single-ph--dhtp-80-20-30-0.7-2.0)
mAL ©
140 ?

9.610

120 3
100 4
80
60 ]
40
20

T T T T T T T T
2 4 8 8 10 12 14 16 ully)

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S e R |-nnmmmeee |[==mmmmmee s |-nmmeee |
1 7.916 VB R ©.1542 1604.34961 150.308582 52.8873
2 9.618 VB ©.1947 1475.76526 117.48374 47.9127
Enantioenriched

DAD1 A, Sig=254,4 Ref=off (xwb\0916-cji-s-single-ph--dhtp-80-20-30-0.7-2.D)
mAU ] ©
1000

800 5
600
400 -

200

0

o [8.044
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Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 8.044 BV 0.1462 31.53606 3.33837 0.2369
2 9.636 BB 0.1856 1.32782e4 1109.568366 99.7631

Me

White solid. 418.6 mg, 81% yield. mp 147.7 — 149.8 °C. [a]*°0: +194.7 (c = 1.0, CHCl3).

IH NMR (600 MHz, CDCls) & 7.39 (d, J = 8.0 Hz, 2H), 7.32 — 7.27 (m, 3H), 7.25 — 7.19 (m, 3H), 7.18 —
7.14 (m, 1H), 6.87 (d, J = 7.8 Hz, 1H), 5.27 (s, 1H), 2.35 (s, 3H).

13C NMR (150 MHz, CDCls) & 149.21, 143.49, 141.50, 141.14, 137.28, 134.35, 130.34, 129.39, 129.33,
129.15, 128.25, 127.54, 127.40, 127.28, 122.15, 121.83, 21.23.

HRMS (ESI): [M+Na]" Calcd. for [C3sH2802Na]* 539.1982, found 539.1987.

IR (neat): 3531, 3058, 3019, 2917, 2857, 1468, 1429, 1387, 1184, 906, 815, 750 cm™,

HPLC: Daicel Chiralpak® AD-H, 20% 'PrOH, 80% hexane, 0.7 mL/min, 30 °C, 254 nm; 99% ee (tr
(major) = 9.01 min, tr(minor) = 7.33 min).

Racemic

DAD1 A, Sig=254,4 Ref=off (cuijficjf-20200821 2020-08-21 16-34-23\2020-08-21_cjf-20200821-5.D)
mAU 3 kS

— — —— — — T
25 5 75 10 12.5 15 17.5 20 2.5 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.235 VB R 0.1781 4301.55078 358.21835 49.9712
2 8.921 VB R ©.2198 4306.51709 277.80750 50.0288

Totals : 8608.06787 636.02585
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Enantioenriched

DAD1 A, Sig=254,4 Ref=off (cmjf\cjf-ZOéOOBZ 2(;20-08-21 16-34-23\2020-08-21_cjf-20200821-6.D)
mAU 4 <
250 {

2004
150

100 ]

3 dﬂ
0

e e LA e — — — 7 —— T T
25 5 7.5 10 125 15 17.5 20 25 miny

J7.329

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.329 BB 0.1579  19.59820 1.93942 0.5170
2 9.010 BB ©0.2116 3771.25586 275.68733 99.4830

Totals : 3790.85466 277.54675

White solid. 510.8 mg, 85% yield. mp 151.2 — 153.6 °C. []*°p: +195.9 (c = 1.0, CHCly).

'H NMR (600 MHz, CDCls) § 7.47 — 7.39 (m, 4H), 7.32 — 7.27 (m, 3H), 7.25 (d, J = 7.8 Hz, 1H), 7.15
(ddd, J = 4.7, 3.2, 1.5 Hz, 1H), 6.87 (d, J = 7.9 Hz, 1H), 5.28 (s, 1H), 1.33 (s, 9H).

13C NMR (150 MHz, CDCl3) & 150.44, 149.25, 143.51, 141.51, 141.14, 134.32, 130.38, 129.33, 128.94,
128.23, 127.54, 127.40, 127.17, 125.62, 122.16, 121.76, 34.63, 31.39.

HRMS (ESI): [M+Na]* Calcd. for [CasH4002Na]* 623.2921, found 623.2921.

IR (neat): 3531, 3056, 3019, 2962, 2902, 2865, 1467, 1432, 1391,1270, 1220, 1184, 821, 769, 753 cm™.
HPLC: Daicel Chiralpak® AD-H, 10% 'PrOH, 90% hexane, 0.7 mL/min, 30 °C, 254 nm; 99% ee (tr

(major) = 7.93 min, tr(minor) = 6.80 min).
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Racemic

DAD1 A, Sig=254,4 Ref=off (XWb\SYSTEM2020-1’O-O?l-bu-rac-1 007-xwb-10-90.D)

mAU 2
400 -
350
300
250
200
150 o
100 A
50

7.963

T T T T T T T T T
2 4 6 8 10 12 14 16 18 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 6.808 VB R ©.2440 7023.75586 448.74326 49.8920
2 7.963 BB 0.2767 7054.15723 394.36621 50.1080

Totals : 1.40779%e4 843.10947
Enantioenriched
Additional Info : Peak(s) manually integrated
DAD1 A, Sig=254,4 Ref=off (xwb\SYSTEM2020-10-07s-bu--1007-xwb-10-90.D)
mAU ] <
600
500
400
300
200—; o
100 o O
E 8 &
04 N
R S T S R T " S S

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.803 MM 0.1841  28.02122 2.53634 0.2477
2 7.934 BB 0.2660 1.12859e4  658.35449 99.7523

White solid. 538.0 mg, 84% yield. mp 161.0 — 161.5 °C. [a]**p: +282.1 (¢ = 1.0, CHCl5).
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'H NMR (600 MHz, CDCls) & 7.66 — 7.58 (m, 6H), 7.43 (t, J = 7.8 Hz, 2H), 7.36 — 7.30 (m, 5H), 7.21 —
7.16 (m, 1H), 6.93 (d, J = 7.8 Hz, 1H), 5.33 (s, 1H).

13C NMR (150 MHz, CDCls) & 149.28, 143.88, 141.45, 140.96, 140.73, 140.31, 136.27, 130.53, 129.70,
129.40, 128.83, 128.19, 127.65, 127.47, 127.40, 127.30, 127.12, 126.95, 122.34, 121.64.

HRMS (ESI): [M-H]~ Calcd. for [CasH3102]~ 639.2330, found 639.2323.

IR (neat): 3528, 3061, 3022, 2926, 2853, 1468, 1427, 1387, 1215, 1182, 1088, 906, 824, 752, 698, 667
cm™,

HPLC: Daicel Chiralpak® AD-H, 30% 'PrOH, 70% hexane, 0.7 mL/min, 30 °C, 254 nm; 99% ee (ir
(major) = 20.46 min, tr(minor) = 14.35 min).

Racemic

DAD1 A, Sig=254,4 Ref=off (xwb\SYS TEM2020-10-19rac-bi-ph-dhtp-30-70-0.7-2.D)
mAU 3 o

20.642

I T G Y

T r T r T T T T r r T r T T T r r T r T T
5 10 15 20 25 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 14.463 BB 0.4578 1063.28479 36.08616 50.1020
2 20.642 BB ©.7159 1058.95435 22.88321 49.8980

Enantioenriched

DADT A, Sig=254,4 Ref=off (xwb\SYSTEM2020-10-19s-bi-ph-dhtp-30-70-0.7-2.D)
mAU 3 o
4004
350 3
300 4
250 3
200
150
100
50
04

14.349

T T
T T T T T T T T T T T T T T T T 4 T T T T

I ‘ ‘ I 5 10 15 20 25 mi
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area

#  [min] [min] [mAU*s] [mAU] %

1 14.349 BB 0.4470 98.93303 3.34581 0.4786
2 20.462 BB 0.7213 2.05731e4  445.07834 99.5214
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White solid. 422.5 mg, 77% yield. mp 156.3 — 156.7 °C. []*°0: +203.5 (c = 1.0, CHCI3).

'H NMR (600 MHz, CDCls) 6 7.44 (d, J = 8.7 Hz, 2H), 7.30 (d, J = 3.2 Hz, 3H), 7.23 (d, J = 7.8 Hz, 1H),
7.18 — 7.14 (m, 1H), 6.93 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 7.8 Hz, 1H), 5.25 (s, 1H), 3.81 (s, 3H).

13C NMR (150 MHz, CDCls) & 159.04, 149.14, 143.29, 141.48, 141.09, 130.43, 130.29, 129.58, 129.32,
128.21, 127.51, 127.37, 126.96, 122.13, 121.69, 114.07, 55.33.

HRMS (ESI): [M+H]" Calcd. for [C3sH2904]" 549.2061, found 549.2061.

IR (neat): 3525, 3058, 2925, 2850, 1467, 1432, 1245, 1177, 1091, 905, 728, 650 cm™.

HPLC: Daicel Chiralpak® IC, 20% 'PrOH, 80% hexane, 0.7 mL/min, 30 °C, 254 nm; 99% ee (tr (major)
= 11.33 min, tr(minor) = 22.01 min).

Racemic

DAD1 A, Sig=254,4 Ref=off (culjf\cjf-ZOéOOB?ﬂ-a 2020-08-21 20-10-15\2020-08-21_cjf-20200821-8.D)

T — — — T — T T T
25 5 7.5 10 12.5 15 17.5 20 22.5 mir|

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.381 MM 0.4862 351.24780 12.04135 51.3746
2 22,070 MM 1.0784 332.45181 5.13782 48.6254

Totals : 683.69962 17.17917
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Enantioenriched

DAD1 A, Sig=254,4 Ref=off (cuijf\cjf-20§00821 -2 20200821 20-10-15\2020-08-21_cjf-20200821-9.D)
mAU 3 ©

T T
T — T T — — ——— — T
25 5 75 10 12.5 15 17.5 20 225 mir|

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type MWidth Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.326 BB 0.4055 4509.01758 167.79710 99,7187
2 22.013 MM 0.8218 12.71899 2.5795%e-1 0.2813

Totals : 4521.73657 168.05506

Cl

White solid. 451.2 mg, 81% yield. mp 151.6 — 152.9 °C. [a]**p: +197.6 (¢ = 1.0, CHCl5).

'H NMR (400 MHz, CDCls) & 7.45 (d, J = 8.2 Hz, 2H), 7.35 (d, J = 8.2 Hz, 2H), 7.33 — 7.27 (m, 3H),
7.24 (s, 1H), 7.19 — 7.12 (m, 1H), 6.91 (d, J = 7.8 Hz, 1H), 5.18 (s, 1H).

13C NMR (100 MHz, CDCl3) & 149.11, 144.19, 141.33, 140.66, 135.71, 133.45, 130.68, 130.65, 129.46,
128.65, 128.09, 127.76, 127.52, 126.27, 122.46, 121.27.

HRMS (ESI): [M-H]" Calcd. for [C3sH21Cl202] 555.0924, found 555.0925.

IR (neat): 3528, 3058, 3016, 2925, 1468, 1432, 1387, 1215, 1183, 1093, 1014, 819, 751, 668 cm™.
HPLC: Daicel Chiralpak® AD-H, 20% 'PrOH, 80% hexane, 0.7 mL/min, 30 °C, 254 nm; 98% ee (tr

(major) = 9.83 min, tr(minor) = 7.18 min).
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Racemic

DAD1 A, Sig=254,4 Réf=6ﬁ (wa\cl-ph-gihlp-omthwb-rac-repeal-ZO-BD--SD-O‘T‘D)
mAU ] b
4mmé 5
amm—f >
zmmé
1mé
0: -
2 4 6 g 10 12 14 15 18 i
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S o - [ [ [ |
1 7.184 BB ©0.1545 5034.10840 504.10718 50.1169
2 9.867 BB 0.2515 5010.61572 299.04016 49.8831
Enantioenriched
DAD1 A, Sig=254 4 Ref=off (xwb\20-80-0.7-30.D)
300 - 2
700
600
500
400 3
300
200 4 -
100 @
04 S :
I 2“ Itli‘l é“ SII ‘1‘0“‘1‘2‘ ‘1‘4 Ilﬂ‘ﬁ ‘Iﬂlﬁ‘ Imin

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 7.183 BB 0.1506  98.24131 10.00159 0.7642
2 9.834 BB ©.2310 1.27566e4  850.65540 99.2358

Totals : 1.28548e4 860 .65698

White solid. 393.1 mg, 75% yield. mp 128.0 — 128.5 °C. [a]**p: +171.8 (¢ = 1.0, CHCl5).
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'H NMR (400 MHz, CDCls) 6 7.53 — 7.46 (m, 2H), 7.35 — 7.28 (m, 3H), 7.25 (d, J = 4.4 Hz, 1H), 7.19 —
7.14 (m, 1H), 7.13 - 7.04 (m, 2H), 6.91 (d, J = 7.8 Hz, 1H), 5.18 (s, 1H).

13C NMR (100 MHz, CDCls) § 162.25 (d, J = 246.8 Hz), 149.09, 143.92, 141.37, 140.75, 133.20 (d, J =
3.3 Hz), 130.99 (d, J = 8.0 Hz), 130.67, 129.42, 128.10, 127.69, 127.47, 126.43, 122.35, 121.34, 115.41
(d, J=21.3Hz).

F NMR (376 MHz, CDCls) & —114.79.

HRMS (ESI): [M-H]" Calcd. for [CssH21F202] 523.1515, found 523.1512.

IR (neat): 3530, 3061, 3017, 2928, 2857, 1517, 1468, 1432, 1384, 1227, 1184, 1160, 908, 822, 750 cm™,
HPLC: Daicel Chiralpak® AD-H, 20% 'PrOH, 80% hexane, 0.7 mL/min, 30 °C, 254 nm; 98% ee (ir
(major) = 9.07 min, tr(minor) = 6.95 min).

Racemic

DAD1 A, Sig=254.4 Ref=off (xwb\0916-xwb-f-dhtp-80-20-30-0.7.D)
mAU @

T
—— — — — — T — v — r
2 4 6 8 10 12 14 16 18 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.999 VW R ©0.1517 2254.13013 209.36095 50.9606
2 9.134 BB 0.2191 2169.14990 149.65433 49.0394

Totals : 4423.28003 359.01527

Enantioenriched

DAD1 A, Sig=254,4 Ref=off (xwb\0916-cjf-s-f-dhtp-80-20-30-0.7.D)
mAU ] B

600 o
500
400 4
300
200
100

0

— — 71— — T —— — T
2 4 6 8 10 12 14 16 18 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.950 VB R 0.1442 79.14410 7.35916 ©.8597
2 9.066 BB 0.1974 9127.18848 712.86774 99,1403

Totals : 9206.33257 720.22690

30



White solid. 437.5 mg, 70% yield. mp 128.3 — 128.5 °C. [a]*°p: +162.6 (c = 1.0, CHCI3).

IH NMR (600 MHz, CDCls) & 7.65 (s, 4H), 7.36 — 7.29 (m, 4H), 7.20 — 7.16 (m, 1H), 6.96 (d, J = 7.8
Hz, 1H), 5.18 (s, 1H).
13C NMR (150 MHz, CDCls) & 149.20, 144.76, 141.25, 140.96, 140.43, 130.98, 129.65, 129.53, 129.45
(0, J =32.5 Hz), 128.01, 127.89, 127.58, 126.15, 125.29 (q, J = 3.7 Hz), 124.21 (q, J = 271.9 Hz), 122.65,

121.03.

9F NMR (565 MHz, CDCl3) & —62.50.

HRMS (ESI): [M-H]" Calcd. for [CssH21Fs02] 623.1451, found 623.1451.
IR (neat): 538, 3061, 3017, 2930, 2852, 1617, 1386, 1325, 1215, 1167, 1125, 852, 824, 751, 668 cm™,
HPLC: Daicel Chiralpak® AD-H, 20% 'PrOH, 80% hexane, 0.7 mL/min, 30 °C, 254 nm; 98% ee (tr

(major) = 6.75 min, tr(minor) = 5.46 min).

Racemic

mAL
600

500—2
400
300—;
200

1003

DADT A, Sig=254,4 Ref=off (xwb\2020-09-03_XWB-0903-cf3—-ph-dhip-rac D)

6.789

T
T T T T T T 1 T 1
2 4 [i] 8 10 1z 14 16 18

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %
S [ TR P |-mm e |- -nnmeeee |-emnnee |
1 5.482 BB 9.1184 4672.66658 646.21796 49.7751
2 6.789 BB ©.1709 4714.88428 426.82578 50.2249
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Enantioenriched

DAD1 A, Sig=254,4 Ref=off (xwb\20200903-xwb-cjf-s-cf3-ph-dhtp.D)
mAU ] o
1000

800 -|
600
400

200

5.459

0]

T T
— T T T —— — — —
2 4 6 8 10 12 14 16 18 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 5.459 BB 0.1199 99.67613 12.65129 0.8217
2 6.752 BB 0.1695 1.20312e4 1100.59680 99.1783

Pale yellow solid. 497.3 mg, 86% yield. mp 281.2 — 281.7 °C. []*°p: +241.3 (c = 1.0, CHCly)

'H NMR (600 MHz, CDCls) § 8.20 (d, J = 8.8 Hz, 2H), 7.70 (d, J = 8.8 Hz, 2H), 7.37 — 7.29 (m, 4H),
7.18 (dg, J=7.1, 3.7 Hz, 1H), 6.99 (d, J = 7.9 Hz, 1H), 5.34 (s, 1H).

13C NMR (150 MHz, CDCls) & 149.40, 146.83, 145.56, 144.18, 141.13, 140.13, 131.21, 130.18, 129.65,
128.10, 127.94, 127.71, 125.44, 123.48, 122.90, 120.84.

HRMS (ESI): [M-H]" Calcd. for [C3sH21N20¢] 577.1405, found 577.1399.

IR (neat): 3515, 3061, 2928, 1597, 1515, 1435, 1387, 1345, 1220, 1182, 858, 772, 754 cm™.

HPLC: Daicel Chiralpak® AD-H, 30% 'PrOH, 70% hexane, 0.7 mL/min, 30 °C, 254 nm; 98% ee (tr
(major) = 16.66 min, tr(minor) = 10.47 min).
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Racemic

DAD1 A, Sig=254.4 Ref=off (xwb\0911-70-30.D)
mAU 3 @
E
30 t
253 S
20
15
10
5
0 ~
L S B ) [ ) B R R L B
25 5 7.5 10 12.5 15 17.5 20 22.5 min
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 10.489 BB 0.2672 704.39783  40.84756 49.9107
2 16.711 BB 0.4925 706.91888 22.25986 50.0893

Enantioenriched

DAD1 A, Sig=254,4 Ref=off (xwb\cjf-s-0911-70-30.D)
mAU ]
1754
150 o
125

100
A
'\'\’\

75
50 &
25 L &P

0] v

0.470

L

— T —— T ——
25 5 7.5 10 12.5 15 17.5 20 2.5 mir

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s ] [mAU] %

1 10.470 MM 0.2931 50.17770 2.85312 0.8140
2 16.655 BB 0.4906 6114.48926 193.53551 99.1860

White solid. 447.2 mg, 76% yield. mp 169.2 — 171.1 °C. [a]**p: +228.0 (c = 0.5, CHCl5).
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'H NMR (600 MHz, CDCls) & 7.98 (s, 1H), 7.87 (d, J = 8.5 Hz, 1H), 7.82 (ddd, J = 9.5, 6.1, 3.4 Hz, 2H),
7.65 (dd, J = 8.5, 1.8 Hz, 1H), 7.47 (dq, J = 6.8, 3.5 Hz, 2H), 7.38 (d, J = 7.8 Hz, 1H), 7.37 — 7.32 (m,
3H), 7.22 — 7.18 (m, 1H), 6.96 (d, J = 7.8 Hz, 1H), 5.42 (s, 1H).

13C NMR (150 MHz, CDClIs) & 149.40, 143.90, 141.47, 141.02, 134.82, 133.49, 132.61, 130.78, 129.39,
128.25, 128.17, 128.11, 127.66, 127.65, 127.47, 127.30, 126.28, 126.16, 122.36, 121.83.

HRMS (ESI): [M+H]" Calcd. for [CasaH2902]" 589.2162, found 589.2164.

IR (neat): 3530, 3058, 3019, 2928, 2852, 1436, 1228, 906, 818, 731, 650 cm™.

HPLC: Daicel Chiralpak® IC, 10% 'PrOH, 90% hexane, 0.7 mL/min, 30 °C, 254 nm; >99% ee (tr (major)
=10.14 min).

Racemic

DAD1 B, Sig=254,4 Ref=off (xwb\2-nath-dhtp 2021-11-03 10-09-40\002-P2-F 2-rac-2-nath-dhtp.D)
mAU 2

80
60
40

=
o
B
o
o
20_ ///\\\\\k_
0 S ;
T

5 10 15 20 25 min
Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 10.e98 BB 0.3434 2150.86621 94.56123 50.0826
2 23.424 BB 1.1186 2143.77075 26.42256 49.9174

Totals : 4294.63696 120.98378

Enantioenriched

DAD1 B, Sig=254,4 Ref=off (xwb\2-nath-dhtp 2021-11-03 10-09-40\001-P2-A3-S-2-nath-dhip.D)
mAU 3

T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 10.144 BB 0.3524 4575.48389 194.54453 100.0000

Totals : 4575.48389 194.54453
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White solid. 496.0 mg, 72% yield. mp 233.8 — 234.0 °C. [a]*°0: +85.8 (c = 1.0, CHCl3).

'H NMR (600 MHz, CDCl3) & 8.48 (s, 1H), 8.00 (dd, J = 13.5, 8.5 Hz, 2H), 7.70 (d, J = 8.8 Hz, 1H),
7.52 (d, J = 7.3 Hz, 1H), 7.49 — 7.41 (m, 3H), 7.37 (t, J = 7.5 Hz, 1H), 7.33 (d, J = 7.2 Hz, 1H), 7.28 (t, J
= 7.6 Hz, 1H), 7.24 (t, J = 7.6 Hz, 1H), 7.21 — 7.16 (m, 2H), 7.04 (d, J = 7.6 Hz, 1H), 4.78 (s, 1H).

13C NMR (150 MHz, CDCls) & 150.48, 144.27, 141.75, 141.53, 131.64, 131.55, 131.45, 130.72, 130.59,
130.55, 128.93, 128.52, 128.50, 127.91, 127.58, 127.57, 127.19, 126.19, 126.13, 126.07, 126.01, 125.35,
125.32, 123.38, 123.03, 121.59.

HRMS (ESI): [M+H]" Calcd. for [Cs2H3302]" 689.2476, found 689.2479.

IR (neat): 3513, 3053, 2923, 1558, 1436, 1409, 1310, 1238, 1219, 903, 772, 739 cm™,

HPLC: Daicel Chiralpak® IA, 10% 'PrOH, 90% hexane, 0.7 mL/min, 30 °C, 254 nm; >99% ee (tr (Major)
= 8.41 min).

Racemic

DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-09-1109IA-arth-DHTP-90-10-30-0.7-S.D)
mAU | =4

400 4
300

200

27.832

100

T
T T T T T T T
5 10 156 20 25 30 35 min

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

SR P TR [ [RR—— [ [ |
1 8.419 BB 0.2600 8708.83496 507.92249 50.2215

2 27.832 BB 1.2154 8632.01660 106.74400 49.7785

Totals : 1.73409e4 614. 66649
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Enantioenriched

DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-08-1109IA-arth-DHTP-80-10-30-0.7-52.D)
mAU fors
4004
350
3003
250 5
200
150 4
100 =
50 -
0

T T T T T T T T
5 10 15 20 25 30 35 miny

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 8.413 BB 0.2625 7717.76953 440.25717 100.0000

Totals : 7717.76953 440.25717

Me

White solid. 490.2 mg, 90% yield. mp 154.0 — 155.3 °C. [a]*°p: +167.4 (c = 0.5, CHCly).

'H NMR (400 MHz, CDCls) & 7.34 — 7.28 (m, 3H), 7.23 (d, J = 7.8 Hz, 1H), 7.19 — 7.14 (m, 1H), 7.11
(s, 2H), 6.97 (s, 1H), 6.87 (d, J = 7.8 Hz, 1H), 5.32 (s, 1H), 2.32 (s, 6H).

13C NMR (150 MHz, CDCl3) & 149.14, 143.48, 141.50, 141.20, 138.31, 137.16, 130.13, 129.30, 129.23,
128.27, 127.48, 127.42, 127.34, 127.01, 122.01, 21.36.

HRMS (ESI): [M+H]* Calcd. for [CaoH3302]* 545.2476, found 545.2479.

IR (neat): 3529, 3061, 3017, 2917, 2855, 1601, 1468, 1435, 1393, 1297, 1237, 1215, 1181, 855, 822, 750,
707 cm™.

HPLC: Daicel Chiralpak® AD-H, 10% 'PrOH, 90% hexane, 0.7 mL/min, 30 °C, 254 nm; 98% ee (tr

(major) = 5.57 min, tr(minor) = 6.71 min).
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Racemic

DADT A, Sig=254,4 Ref=off (xwb\SYSTEM2020-10-17rac-3 5-dinethyldhip-90-10-30-0.7.0)
mAU 5 8
2000
1750 4 23
1500 3 P
1250 4
1000 5
750 3
500
250
03 - - ;
2 4 8 8 10 12 14 16 min
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S Y R S [— |
1 5.606 VB 9.1131 1.62048e4 2222.23950 49,7188
2 6.759 VB R ©.1833 1.63881ed4 1390.87524 50.2812
Enantioenriched
DADT A, Sig=254,4 Ref=off (xwb\SYSTEMZ2020-10-175-3.5-dimelhyl-dhip-10-00.D)
mAU S
20003
1500
1000 ]
500 o
0 .
2 4 6 8 10 12 14 16 min

Signal 1: DAD1 A, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 5.567 BB 0.1102 1.82920e4 2533.75903 99.1458
2 6.713 VB 0.1771 157.598180 13.81514 ©.8542

Ph

White solid. 618.6 mg, 78% yield. mp 280.2 — 282.0 °C. [a]*°p: +145.1 (c = 1.0, CHCly).
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'H NMR (600 MHz, CDCl3) § 7.76 — 7.74 (m, 3H), 7.65 (d, J = 7.7 Hz, 4H), 7.46 — 7.39 (m, 5H), 7.38 —
7.32 (m, 5H), 7.21 — 7.18 (m, 1H), 6.96 (d, J = 7.8 Hz, 1H), 5.40 (s, 1H).

13C NMR (150 MHz, CDCls) & 149.35, 144.09, 142.19, 141.44, 140.96, 138.26, 130.67, 129.42, 128.82,
128.25, 127.68, 127.54, 127.48, 127.39, 127.20, 125.33, 122.39, 121.74.

HRMS (ESI): [M+H]" Calcd. for [CeoH4102]" 793.3102, found 793.3104.

IR (neat): 528, 3061, 3017, 2925, 1594, 1497, 1400, 1216, 1182, 1076, 884,753, 699, 669 cm™.

HPLC: Daicel Chiralpak® AD-H, 30% 'PrOH, 70% hexane, 0.7 mL/min, 30 °C, 254 nm; >99% ee (ir
(major) = 11.16 min).

DAD1 B, Sig=254 4 Ref=aif (xwb\2021-08-11-mixsdvent-ad-h70-30-0. 7-30-riph D)
mAlU o
160
140
120 4 o
100 3 Ry
I~ ’\h
80 g &
=
60 4 Rt
404
204
e .
-
10 20 30 40 50 mirl

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [ mAU*s ] [mAU] %
S (R [ PR U [ |
1 10.958 BB 1.3634 1.55458e4 170.884088 51.3012
2 24.827 MM 4.4781 1.47572e4 54.92372 48.6988

Totals : 3.03030e4  225.80772

Enantioenriched
DAD1 B, Sig=254,4 Ref=off (xwb\2021-08-17-s-3-ph-adh-30-70-0.7-30.D)
mAU 5
120—5
WOO—f
ao—f
so—f
40é
20—5

0]

T T T T T
10 20 an 40 50 miri

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 11.157 BB 1.3071 1.18721e4 138.63240 100.0000

Totals : 1.18721e4 138.63240
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CF;

White solid. 616.0 mg, 81% yield. mp 135.8 — 137.0 °C. [@]*°0: +126.6 (c = 0.5, CHCl5).

'H NMR (600 MHz, CDCls) § 8.04 (s, 2H), 7.82 (s, 1H), 7.39 (d, J = 7.9 Hz, 1H), 7.38 — 7.34 (m, 2H),
7.34—7.31 (m, 1H), 7.20 — 7.16 (m, 1H), 7.03 (d, J = 7.9 Hz, 1H), 5.22 (s, 1H).

13C NMR (150 MHz, CDCl3) § 149.29, 145.70, 141.10, 139.93, 139.28, 131.52 (q, J = 33.2 Hz), 131.28,
129.74,129.57 (d, J = 3.8 Hz), 128.18, 127.92, 127.77, 124.75, 123.40 (q, J = 272.6 Hz), 123.05, 121.05-
120.95 (m), 120.41.

19F NMR (565 MHz, CDCl3) § —62.78.

HRMS (ESI): [M-H] Calcd. for [C4oH19F1202]" 759.1198, found 759.1202.

IR (neat): 3543, 3066, 2928, 2860, 1382, 1279, 1180, 1135, 901, 762, 735, 705, 684 cm™.

HPLC: Daicel Chiralpak® IC, 1% 'PrOH, 99% hexane, 0.5 mL/min, 30 °C, 254 nm; 98% ee (tr (major)
= 6.52 min, tr(minor) = 7.29 min).

Racemic

DAD B, Sig=254 4 Ref=off (xWb\2021-11-04-rac-3 5-DI-cf3-DHTP-ic-09-1-0.5-30.0)
mAU 3 [T}
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100 J/\\\‘
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—_— ————
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T T T T T T T T T

2 4 6 10 12 14 mi
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 6.535 BV R ©0.0985 4717.46045 739.14014 50.3971
2 7.432 VB 0.3814 4643.11523 195.29787 49.6029

Totals : 9360.57568 934.43800
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Enantioenriched

DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-04-s-3,5-Di-cf3-DHTP-ic-99-1-0.5-30.D)

]

7.293

T

2
Signal 2: DAD1 B

T
4

T
6

8 10

, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

N e T |-emmeme e | = mmmmmee |- nemeee |

1 6.523 BB 0.0980 3968.85254 625.66522 99.3665

2 7.293 BB 0.2526  25.30327 1.37586  @.6335
Totals : 3994.15581 627.04108

Me

OMe

White solid. 513.9 mg, 85% yield. mp 152.6 — 153.7 °C. []*°p: +164.8 (c = 1.0, CHCI3).

!H NMR (600 MHz, CDCl3) § 7.30 (t, J = 4.2 Hz, 3H), 7.22 (d, J = 7.8 Hz, 1H), 7.16 (d, J = 7.2 Hz, 3H),
6.86 (d, J = 7.8 Hz, 1H), 5.30 (s, 1H), 3.73 (s, 3H), 2.29 (s, 6H).

13C NMR (150 MHz, CDCls) & 156.48, 149.09, 143.38, 141.48, 141.13, 132.67, 131.17, 130.17, 129.70,
129.30, 128.23, 127.49, 127.34, 127.02, 122.03, 121.82, 59.72, 16.16.

HRMS (ESI): [M+H]" Calcd. for [C42H3704]" 605.2687, found 605.2689.

IR (neat): 3528, 3056, 3014, 2930, 2855, 2826, 1481, 1467, 1435, 1242, 1203, 1166, 750 cm™.

HPLC: Daicel Chiralpak® AD-H, 1% 'PrOH, 99% hexane, 1.0 mL/min, 40 °C, 254 nm; 99% ee (tr
(major) = 29.08 min, tr(minor) = 39.18 min).
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Racemic

DAD1 B, Sig=254,4 Ref=off (guojia\2021-10-21-rac-DHTP-3 5-Me-4-OMe-11PA-35-1.0.D)

mAU o
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min]  [mAU*s] [maU] %
- R P |--nmmneee |- e emneee P |
1 29.425 BB ©.9198 2267.25439 37.62780 52.4183
2 38.767 BB 1.2617 2858.71655 19.48524 47,5897

Totals : 4325,.97895 57.83304
Enantioenriched
DAD1 B, Sig=254.4 Ref=off (guojial2021-10-20-S-DHTP-3.5-Me-4-OMe-1IPA-1.0-40--AD-H.D)
mAU 7 -4
25%
204
15
10 S
1 &V
5 [ _b«
[ Y S | %
:"“\""|""|""\""r'"'|'1"'|""|""'|"
5 10 15 20 25 30 35 40 45 miry
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 29.078 BB ©.8834 1900.56519 32.06894 99.7230
2 39.178 MM 1.1793 5.27928 7.46120e-2 0.2770

Totals : 1905.84447  32.14355
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White solid. 501.6 mg, 75% yield. mp 153.5 — 154.6 °C. []*°p: +131.2 (c = 1.0, CHClI3).

'H NMR (400 MHz, CD2Cly) & 7.43 — 7.36 (m, 3H), 7.33 (d, J = 7.8 Hz, 1H), 7.26 — 7.20 (m, 1H), 6.93
(d, J=7.8Hz, 1H), 6.75 (s, 2H), 5.53 (s, 1H), 3.86 (s, 6H), 3.83 (s, 3H).

13C NMR (150 MHz, CDCls3) 6 153.43, 149.10, 143.72, 141.43, 141.01, 137.55, 132.73, 130.12, 129.41,
128.34, 127.60, 127.38, 127.17, 122.17, 122.08, 106.46, 60.91, 56.24.

HRMS (ESI): [M+H]" Calcd. for [C42H370g]" 669.2483, found 669.2487.

IR (neat): 3528, 3058, 3014, 2936, 2834, 1585, 1511, 1466, 1430, 1402, 1347, 1238, 1126, 1004, 750
cm™.

HPLC: Daicel Chiralpak® IG, 60% 'PrOH, 40% hexane, 0.7 mL/min, 35 °C, 254 nm; >99% ee (tr (Major)
= 26.43 min).

DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-05-rac-3,4,5-triome-dhtp-ig-40ipa-35-1.D)
mAU <2 N
14 & w /\@v
o N
12 - &
e (@
10 o
8
6
4
2
O —
2 -~—t—————F7 "+ "+ 7T [ T [ T T
5 10 15 20 25 30 35 40 45 miry

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 26.719 BB 1.2793 1747.35352 16.21451 49.8183
2 37.128 MM 2.7274 1760.09717 18.75579 560.1817

Totals : 3507.45068 26.97030
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Enantioenriched
DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-05-S-3,4,5-triome-dhtp-ig-40ipa-35-0.7.D)
mAU -

i~

N A S S T [ e I S e L A e e A S S e B R B LA
5 10 15 20 25 30 35 40 45 miny

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 26.431 BB 1.2686 1860.26758 17.49457 100.0000

Totals : 1860.26758 17.49457

White solid. 305.0 mg, 56% yield. mp 141.2 — 143.0 °C. []*°0: +103.3 (c = 1.0, CHCly).

'H NMR (400 MHz, CDCls) & 7.30 (ddd, J = 19.9, 5.6, 3.4 Hz, 3H), 7.19 — 7.02 (m, 4H), 6.94 (d, J = 7.7
Hz, 1H), 6.85 (d, J = 7.7 Hz, 1H), 4.70 (s, 1H), 2.09 (s, 3H), 1.74 (s, 3H).

13C NMR (100 MHz, CDCls) & 148.96, 143.42, 141.62, 141.40, 137.60, 137.39, 135.72, 129.47, 128.78,
128.01, 127.67, 127.65, 127.63, 127.25, 127.05, 125.71, 122.30, 121.49, 20.64, 19.85.

HRMS (ESI): [M+H]" Calcd. for [CaoH3302]" 545.2476, found 545.2477.

IR (neat): 3533, 3058, 3014, 2917, 2857, 1464, 1437, 1296, 1216, 1183, 1084, 906, 824, 750, 668 cm™.
HPLC: Daicel Chiralpak® AD-H, 1% 'PrOH, 99% hexane, 0.7 mL/min, 30 °C, 254 nm; >99% ee (tr
(major) = 6.99 min).
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Racemic

DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-02-RAC-2,6,DIME-Ph-dhtp-adh-99-1-30-0.7.D)
mAU §
30
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Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %
S Eiet [N [t [ [ SN |
1 6.808 BB 0.2971 536.65985  29.11122 49,9223
2 8.167 BB 0.2525 538.32965 32.96986 50.0777
Totals : 1074.98950  62.68108
Enantioenriched
DAD1 B, Sig=254,4 Ref=off (xwb\2021-11-02-5-2,6 DIME-Ph-dhtp-adh-99-1-30-0.7-4.D)
mAU | 2
20
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0] _
L
2 4 6 8 10 12

Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 6.986 BB 0.3298 484.56012 23.97944 100.0000

Totals : 484.56012 23.97944

White solid. 240.5 mg, 42% yield. mp 142.1 — 143.0 °C. [a]*®c: +87.2 (c = 0.5, CHCl3).
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'H NMR (600 MHz, CDCls) 6 7.34 — 7.30 (m, 1H), 7.30 — 7.26 (m, 2H), 7.18 — 7.14 (m, 1H), 6.95—6.91
(m, 2H), 6.89 (s, 1H), 6.84 (d, J = 7.7 Hz, 1H), 4.72 (s, 1H), 2.29 (s, 3H), 2.05 (s, 3H), 1.71 (s, 3H).

13C NMR (150 MHz, CDCl3) & 149.08, 143.25, 141.59, 141.41, 137.55, 137.43, 137.20, 132.68, 129.66,
128.74, 128.43, 127.68, 127.17, 126.99, 125.66, 122.18, 121.39, 21.11, 20.48, 19.73.

HRMS (ESI): [M+H]" Calcd. for [C42H3702]" 573.2789, found 573.2790.

IR (neat): 3529, 3056, 3014, 2921, 2857, 1558, 1458, 1437, 1219, 1084, 904, 852, 770, 753 cm™.
HPLC: Daicel Chiralpak® AD-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 30 °C, 254 nm; 99% ee (ir
(major) = 5.08 min, tr(minor) = 4.61 min).

Racemic
DAD1 A, Sig=254,4 Ref=off (xwb\0927-xwb-1.3.5-r=tri-methyl-ph-dhtp-rac-95-5-0.7-300c D)
00 ] g
250 1
200
150—2
100—;
50
0 .
—tT I - - I I L
2 4 6 8 10 12 14 16 min
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S P PSR [ RS [ |
1 4.652 BV 0.1207 2430.43530 319.75024 49.4706
2 5.0825 VB 0.1405 2482.45776 262.20929 50.5294
Enantioenriched
DAD1 A, Sig=254,4 Ref=off (xwb\0927-cjf-1.3.5-r=tri-methyi-ph-dhtp-s-95-5-0.7-300c.D)
mAU 3 =
300—§
250
2004
150
100
g
2 4 6 8 10 12 14 16 mi]
Signal 1: DAD1 A, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 4.608 BB 0.0799 9.01947 1.55030 0.3772
2 5.079 BB 0.1021 2381.87036 355.84863 99.6228
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This compound was prepared following modified procedure.

White solid. 555.6 mg, 75% yield. mp 143.5 — 144.6 °C. [a]*°0: +99.6 (c = 1.0, CHCI3).

'H NMR (400 MHz, CDCls) & 7.37 (dd, J = 5.7, 3.2 Hz, 1H), 7.35 — 7.27 (m, 2H), 7.23 — 7.15 (m, 1H),
7.10 (s, 1H), 7.05 (s, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 4.64 (s, 1H), 3.03 — 2.76 (m,
2H), 2.22 —2.04 (m, 1H), 1.31 (d, J = 6.9 Hz, 6H), 1.14 (d, J = 6.8 Hz, 3H), 1.10 (d, J = 7.0 Hz, 3H), 0.90
(d, J=6.9 Hz, 3H), 0.85 (d, J = 6.8 Hz, 3H).

13C NMR (150 MHz, CDCls) & 149.90, 148.82, 147.96, 147.73, 143.04, 141.73, 141.56, 130.49, 130.01,
128.49, 127.11, 126.94, 126.82, 124.99, 122.23, 121.20, 121.07, 120.43, 34.31, 30.71, 30.18, 24.37, 24.06,
24.01, 23.95, 23.68, 23.68.

HRMS (ESI): [M-H]" Calcd. for [Cs4Hs902] 739.4520, found 739.4514.

IR (neat): 3529, 3058, 3021, 2961, 2925, 2868, 1558, 1458, 1429, 1216, 770, 668 cm™.

HPLC: Daicel Chiralpak® 1A, 0.1% 'PrOH, 99.9 % hexane, 0.7 mL/min, 30 °C, 254 nm; 98% ee (tr
(major) = 6.58 min).

Racemic

DAD1 B, Sig=254, 16 Ref=360,100 (xwb\20210730 2021-07-30 20-24-55\001-P2-Ad-rac-ipr-20210730.D)
mAU
2504
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Signal 2: DAD1 B, Sig=254,16 Ref=360,100

Peak RetTime Type MWidth Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 5.551 MM 0.1662 2893.35449 290.08139 49.7616
2 6.732 MM 0.2320 2921.08276 209.86952 50.2384

Totals : 5814.43726 499.95091
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Enantioenriched
DAD1 B, Sig=254,16 Ref=360,100 (xwb\20210730 2021-07-30 20-24-55\002-P2-A5-s-ipr-20210730.D)
mAU 3 -
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Signal 2: DAD1 B, Sig=254,16 Ref=360,100

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 6.584 VB R 0.1881 1.06157e4  B803.48834 100.0000

Totals : 1.96157e4 803.48834

This compound was prepared following modified procedure.

White solid. 687.0 mg, 70% yield. mp 154.4 — 154.8 °C. []*°0: +107.4 (c = 0.5, CHCly).

!H NMR (600 MHz, CDCls) § 7.32 (d, J = 6.8 Hz, 1H), 7.23 — 7.16 (m, 2H), 7.07 (d, J = 7.0 Hz, 1H),
6.94 (s, 1H), 6.89 (s, 1H), 6.82 (d, J = 7.7 Hz, 1H), 6.74 (d, J = 7.6 Hz, 1H), 4.47 (s, 1H), 2.42 (ddd, J =
11.5,8.1, 3.4 Hz, 1H), 2.31 (td, J = 10.3, 8.7, 6.0 Hz, 1H), 1.85(d, J = 11.8 Hz, 2H), 1.77 (d, J = 12.4 Hz,
2H), 1.72 — 1.61 (m, 3H), 1.52 — 1.12 (m, 17H), 1.12 — 0.92 (m, 5H), 0.66 (q, J = 12.9 Hz, 1H), 0.43 (q,
J=12.7 Hz, 1H).

13C NMR (150 MHz, CDCls) & 149.99, 147.65, 146.99, 146.92, 142.97, 141.79, 141.77, 130.91, 130.18,
128.85,127.41,127.29, 126.76, 124.85, 122.21, 122.19, 122.04, 120.44, 44.74, 41.48, 41.17, 34.58, 34.55,
34.50, 34.48, 34.43, 33.81, 27.04, 27.01, 26.84, 26.79, 26.59, 26.27, 26.17, 26.10.

HRMS (ESI): [M-H] Calcd. for [C72Hg302]~ 979.6398, found 979.6390.

IR (neat): 3529, 3056, 2960, 2928, 2869, 1558, 1460, 1429, 1362, 1306, 1218, 1084, 906, 878, 751, 668

cm™,
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HPLC: Daicel Chiralpak® IA, 0.2% 'PrOH, 99.8 % hexane, 1.0 mL/min, 30 °C, 254 nm; 99% ee (tr

(major) = 12.33 min, tr(minor) = 4.80 min).

Racemic
DAD1 B, Sig=254,4 Ref=off (xwb\20210805 2021-08-05 16-22-00\001-P1-B1-rac-cy-ph-dhtp.D)
mAU EE
moé ¥
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4n€ E
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04 L . ‘_J_Z\—&
‘ 2 a4 & g 40 13 a1 18 min
Signal 2: DAD1 B, Sig=254,4 Ref=off
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
SN Fnfies TR e [ [ [ |
1 4,744 BB 0.1425 1362.87305 138.91057 56.2200
2 12.767 BB ©.9832 1061.30347 14.54588 43.7800
Totals : 2424.17651 153.45645
Enantioenriched
DAD1 B, Sig=254,4 Ref=off (xwb\20210805 2021-08-05 16-22-00\002-P1-B2-s-cy-ph-dhtp-A.D)
mAU - o
304
25
20
154
10 . @éﬁ%
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Signal 2: DAD1 B, Sig=254,4 Ref=off

Peak RetTime Type Width Area Height Area

# [min] [min] [mAU*s] [mAU] %
S i TR R [ [E—— [N |
1 4,796 MM 0.1792 5.65552 5.26025e-1 0.2387

2 12.330 BB 0.9304 2363.34717  34.44713 99.7613

Totals : 2369.00269 34,97315

48



General Procedure for Synthesis of (S)-DHTP Derived Phosphoramidite Ligands

Procedure A:

2. THF, r.t.
overnight

)

o 2. THF, r.t.
overnight

47\ 1. PCl,
\/ OH 50°C, 30 min

_— "
(S)-DHTP

> 99% ee phosphorochloridite CHg CHs

(S)Z (S)
P N/kph

2. THF, r.t.
overnight

(S,S,S)-L3
78%

A flame dried Schlenk flask under argon was charged with the (S)-DHTP (1 mmol, 1.0 eq.) and PCl3
(15.0 eq.) was heated at 50°C during 30 min. The initially heterogeneous mixture turned into a brownish
homogenous solution. After cooling to room temperature (25°C), the excess PCls was thoroughly
evaporated in vacuo to remove remaining PCls. The resulting phosphorchloridite was redissolved in
anhydrous THF (5 mL). In a separate Schlenk flask under argon, the corresponding amine (1.2 eq.)
dissolved in anhydrous THF (10 mL) was deprotonated at -78°C by the slow addition of n-BuL.i (1.6 M
solution in hexanes, 1.1 eq.). After being stirred at -78 °C for 1 hour, the aforementioned
phosphorchloridite solution was slowly transferred into the resulting solution via syringe. The resulting
mixture was stirred at -78°C, then warmed to 25°C and continued to stir overnight. The solvent was
evaporated in vacuo and purification by flash chromatography on silica gel using hexanes/toluene as the

eluents to give the corresponding product as a white solid.
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Procedure B:

2. toluene, r.t.

overnight
NH (o]
\_/
47— 1. PCl,
\‘“./ OH 50°C, 30 min
—_—
/‘"\. OH
i NH
(S)-DHTP
>99% ee phosphorochloridite >

2. toluene, r.t.
overnight

(S)-L5
83%

A flame dried Schlenk flask under argon was charged with the (S)-DHTP (1 mmol, 1.0 eq.) and PCl3

(15.0 eq.) was heated at 50°C during 30 min. The initially heterogeneous mixture turned into a brownish

homogenous solution. After cooling to room temperature (25°C), the excess PCls was thoroughly
evaporated in vacuo to remove remaining PCls. The resulting phosphorochloridite was dissolved in
anhydrous toluene (5 mL) and cooled to 0 °C. To the resulting solution of phosphorochloridite were
slowly added triethylamine (1.2 eq.) and the corresponding amine (1.2 eq.) via syringe. The resulting
mixture was warmed to 25°C and continued to stir overnight. The solvent was evaporated in vacuo and
purification by flash chromatography on silica gel using hexanes/EtOAc as the eluents to give the

corresponding product as a white solid.

(S)-L1

This compound was prepared following general procedure A using iminostilbene.

White solid. 423.6 mg, 76% yield. mp 274.1 — 274.6 °C. [a]*°p: —225.00 (c = 0.5, CHCl5).

'H NMR (400 MHz, Acetone-ds) & 7.42 — 7.17 (m, 15H), 7.11 — 6.97 (m, 6H), 6.88 (dd, J = 9.4, 8.0 Hz,
2H), 6.76 (d, J = 7.4 Hz, 1H).

13C NMR (100 MHz, Acetone-dg) & 149.47, 149.07 (d, J = 6.5 Hz), 144.08 (d, J = 1.6 Hz), 143.01 (d, J
=1.2 Hz), 142.95, 142.77, 142.30 (d, J = 4.4 Hz), 141.27, 141.17, 141.03, 140.59, 136.45 (d, J = 3.2 Hz),
136.00, 131.60, 131.19, 130.43 (d, J = 4.4 Hz), 129.51, 129.40, 129.22, 129.21, 129.08 (d, J = 3.0 Hz),
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129.04, 128.98, 128.62, 128.59 (d, J = 1.4 Hz), 128.44 (d, J = 8.4 Hz), 128.26, 128.16, 127.82, 127.70,
127.30, 127.27, 126.91 (d, J = 1.4 Hz), 126.67, 126.65, 125.13, 120.67 (d, J = 2.4 Hz), 120.37.

DEPT 135%C NMR (150 MHz, Acetone-ds) § 131.59, 131.19, 129.51, 129.40, 129.22, 129.21, 129.08
(d, J=2.8Hz), 129.05, 128.99, 128.62, 128.59, 128.44 (d, J = 8.4 Hz), 128.27, 128.16, 127.82, 127.70,
127.30, 127.27, 126.92, 126.67, 126.66, 125.13, 120.67 (d, J = 2.5 Hz), 120.37.

1P NMR (162 MHz, Acetone-ds) & 135.09.

HRMS (ESI): [M+H]* Calcd. for [CasH2sNO2P]* 558.1618, found 558.1625.

IR (neat): 3065, 1595, 1560, 1485, 1431, 1207, 1107, 1076, 991, 914, 800, 760, 748, 727, 629 cm™.

K

(S)-L2

(I

This compound was prepared following general procedure A using iminodibenzyl.

White solid. 403.2 mg, 72% yield. mp 270.1 — 270.6 °C. [a]*°p: —256.2 (¢ = 0.5, CHCls).

'H NMR (400 MHz, CD2Cl,) § 7.26 — 7.01 (m, 12H), 7.01 — 6.93 (m, 3H), 6.91 — 6.77 (m, 4H), 6.72 —
6.62 (m, 2H), 6.58 (d, J = 8.0 Hz, 1H), 3.55 (dddd, J = 28.7, 15.2, 8.6, 3.2 Hz, 2H), 2.87 — 2.73 (m, 2H).
13C NMR (100 MHz, CD,Cl,) § 149.35, 149.26 (d, J = 7.3 Hz), 144.04 (d, J = 1.5 Hz), 143.13 (d, J = 1.1
Hz), 142.98 (d, J = 16.3 Hz), 142.82 (d, J = 5.9 Hz), 141.33, 141.25, 141.08, 140.71, 137.40 (d, J = 3.4
Hz), 137.29 (d, J = 1.8 Hz), 130.51 (d, J = 4.6 Hz), 130.21, 129.92, 129.71, 129.51, 129.02, 128.47 (d, J
=1.5Hz),128.42 (d, J = 4.5 Hz), 128.36, 128.30, 128.18 (d, J = 2.2 Hz), 127.87 (d, J = 10.8 Hz), 127.73,
127.34, 127.30, 127.11, 126.67, 126.53, 126.46, 126.40, 125.14, 120.91 (d, J = 2.5 Hz), 120.20, 31.62,
31.53.

3P NMR (162 MHz, CD,Cl,) § 133.79.

HRMS (ESI): [M+H]" Calcd. for [C3sH27NO2P]* 560.1774, found 560.1785.

IR (neat): 3063, 2912, 1566, 1485, 1433, 1234, 1186, 1107, 984, 914, 798, 748, 725, 696, 629 cm™,
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This compound was prepared following general procedure A using bis[(S)-a-methylbenzyl]amine.
White solid. 459.1 mg, 78% yield. mp 114.2 — 114.6 °C. [a]*%>: —430.1 (c = 0.5, CHCl5).

'H NMR (400 MHz, Acetone-ds) & 7.41 — 7.32 (m, 3H), 7.31 — 7.10 (m, 16H), 7.07 — 7.02 (m, 2H), 7.01
—6.94 (m, 2H), 6.85 (d, J = 7.5 Hz, 1H), 4.50 (dg, J = 11.0, 7.0 Hz, 2H), 1.68 (d, J = 7.1 Hz, 6H).

13C NMR (150 MHz, CDCls) & 149.33, 149.04 (d, J = 8.6 Hz), 142.87 (d, J = 1.6 Hz), 142.47, 142.30,
140.35, 140.21, 140.18, 139.81, 129.57, 129.53, 128.75, 128.55, 127.72, 127.39 (d, J = 1.8 Hz), 127.22,
127.12, 127.04, 126.99, 126.97, 126.76, 126.53, 126.47, 126.03, 125.96, 125.66, 124.08, 119.91 (d, J =
2.7 Hz), 119.69, 53.72, 53.65, 21.98, 21.90.

Dept135 *C NMR (150 MHz, CDCls) § 128.75, 128.55, 127.71, 127.22, 127.12, 127.04, 126.99, 126.97,
126.76, 126.53, 126.47, 126.03, 125.96, 125.66, 124.08, 119.91 (d, J = 2.7 Hz), 119.69, 53.72, 53.65,
21.98, 21.90.

3P NMR (243 MHz, CDCls) § 149.30.

HRMS (ESI): [M+H]* Calcd. for [C4H3sNO2P]* 590.2244, found 590.2254.

IR (neat): 3105, 2959, 2872, 1720, 1543, 1531, 1346, 1234, 1171, 1111, 1076, 910, 800, 752, 727, 700,
629 cm™,

This compound was prepared following general procedure A using morpholine.

White solid. 384.0 mg, 85% yield. mp 127.4 — 128.1 °C. [a]*°p: —149.5 (c = 0.5, CHCl3).

'H NMR (400 MHz, Acetone-ds) & 7.41 — 7.28 (m, 6H), 7.24 (dd, J = 7.5, 1.3 Hz, 2H), 7.18 (d, J= 8.0
Hz, 1H), 7.13 (dd, J=8.2, 1.1 Hz, 1H), 7.10 (d, J = 7.5 Hz, 2H), 7.02 (d, J = 7.6 Hz, 1H), 6.99 (d, J = 7.6
Hz, 1H), 3.51 (t, J = 4.7 Hz, 4H), 3.14 — 3.03 (m, 2H), 3.00 — 2.89 (m, 2H).
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13C NMR (100 MHz, Acetone-ds) § 150.03, 149.61 (d, J = 4.4 Hz), 143.96 (d, J = 1.7 Hz), 143.64, 141.21,
141.14, 140.92, 140.67, 130.38 (d, J = 4.2 Hz), 129.55, 129.40 (d, J = 1.8 Hz), 129.09, 129.07, 128.49,
128.47, 127.83, 127.80, 127.38, 127.33, 126.56 (d, J = 1.6 Hz), 125.64, 120.64, 120.47 (d, J = 2.2 Hz),
67.48, 67.43, 44.45, 44.27.

Dept135 *C NMR (150 MHz, Acetone-ds) & 129.55, 129.09, 129.06, 128.49, 128.47, 127.83, 127.80,
127.38, 127.33, 126.56, 125.63, 120.64, 120.47 (d, J = 2.1 Hz), 67.47, 67.44, 44.42, 44.30.

31p NMR (162 MHz, Acetone-ds) & 141.99.

HRMS (ESI): [M+H]* Calcd. for [CasH2sNO3sP]* 452.1411, found 452.1417.

IR (neat): 3107, 2957, 2928, 2855, 1720, 1543, 1431, 1346, 1258, 1234, 1171, 1111, 1078, 1043, 954,
910, 800, 761, 744, 727, 700, 679, 630 cm™.

This compound was prepared following general procedure B using diethylamine.

White solid. 363.5 mg, 83% yield. mp 95.4 — 95.8 °C. [a]*°p: —217.1 (c = 0.5, CHCl5).

'H NMR (400 MHz, CDCls3) § 7.27 — 7.20 (m, 2H), 7.20 — 7.08 (m, 6H), 7.06 — 6.96 (m, 3H), 6.87 (tdd,
J=177,6.6,1.2 Hz, 3H), 3.02 — 2.87 (m, 2H), 2.75 (ddd, J = 14.3, 12.9, 7.0 Hz, 2H), 0.98 (t, J = 7.1 Hz,
6H).

13C NMR (100 MHz, CDCls) § 150.19, 149.90 (d, J = 4.2 Hz), 143.73 (d, J = 1.4 Hz), 143.50, 141.25,
141.16, 141.14, 140.88, 130.47 (d, J = 4.3 Hz), 129.84, 129.66, 129.43 (d, J = 1.8 Hz), 128.65, 128.54,
128.49, 128.40, 127.53, 127.13, 127.07, 126.49 (d, J = 1.4 Hz), 125.34, 120.59 (d, J = 2.4 Hz), 120.19,
38.37, 38.15, 14.82, 14.79.

3P NMR (162 MHz, CDCls) § 147.00.

HRMS (ESI): [M+H]" Calcd. for [C2sH2sNO2P]* 438.1618, found 438.1624.

IR (neat): 3107, 2961, 2910, 2872, 1719, 1630, 1541, 1462, 1346, 1277, 1169, 1078, 1041, 995, 916, 798,
727,719, 680, 630 cm™,
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Procedure for the Synthesis of 9l 1]

+ OH OH OH OH
E\\\‘ J e Z & & "'//
(? N OH OH !
. 2 MBS z =
° : H H
THF, 0°Ctort : OS (RO
: \\\“ "'//
9l :
containing 3 stereoisomers e

In a flame dried Schlenk flask, a solution of isophthalaldehyde (10 mmol, 1.34 g) in dry THF (20
mL) was cooled to 0 °C under Argon. Vinyl magnesium bromide (20 mmol, 20 ml, 1.0 M in THF) was
added dropwise. After 15 min, the reaction was allowed to warm to room temperature and stirred for
additional 3 h. The reaction mixture was quenched by addition of saturated aqueous NH4ClI and extracted
with EtOAc (3x50 ml). The organic phase was washed with brine, dried over MgSO4. The solvent was
removed under vacuum and the residue was purified by column chromatography on silica gel
(EtOAc/hexane 1:4) to give the corresponding allylic alcohol substrates 9l (containing 3 stereoisomers

which were not separable by TLC and NMR).

OH OH
V\Q)\%
9

Colorless oil. 1.05 g, 55% yield.

!H NMR (400 MHz, CDCls) & 7.29 (s, 1H), 7.24 (d, J = 6.9 Hz, 1H), 7.21 — 7.16 (m, 2H), 6.01 — 5.87
(m, 2H), 5.30 — 5.20 (m, 2H), 5.14 — 5.05 (m, 4H), 2.32 (s, 2H).

13C NMR (100 MHz, CDCls) § 142.95, 140.10, 128.76, 125.78, 124.28, 115.28, 75.26.
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Procedure for the Synthesis of 9m [l

.........................................

OH OH

' (S R :

: Z ( ,,l,/:

PN oH 7Y "
Ox —_— =
THF, 0°Ctort & 5 OH
' R
OH : ( 'I’I/
9m
containing 3 stereoisomers ' O(H)

.........................................

In a flame dried Schlenk flask, a solution of terephthalaldehyde (10 mmol, 1.34 g) in dry THF (20
mL) was cooled to 0 °C under Argon. Vinyl magnesium bromide (20 mmol, 20 ml, 1.0 M in THF) was
added dropwise. After 15 min, the reaction was allowed to warm to room temperature and stirred for
additional 3 h. The reaction mixture was quenched by addition of saturated aqueous NH4Cl and extracted
with EtOAc (3x50 ml). The organic phase was washed with brine, dried over MgSO4. The solvent was
removed under vacuum and the residue was purified by column chromatography on silica gel
(EtOAc/hexane 1:4) to give the corresponding allylic alcohol substrates 9m (containing 3 stereoisomers

which were not separable by TLC and NMR).

OH

=z
OH
9m

White solid. 0.80 g, 42% vyield.

'H NMR (400 MHz, CDCls) § 7.29 (s, 4H), 6.04 — 5.87 (m, 2H), 5.28 (d, J = 17.1 Hz, 2H), 5.18 — 5.08
(m, 4H), 1.86 (brs, 2H).

13C NMR (100 MHz, CDCls) § 142.13, 140.14, 126.56, 115.24, 75.13.
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Procedure for the Synthesis of 9n

...........................................

4
2
2
\
\
/
\ \%
N\

o A MgBr

—_—
P THF, 0 °C to rt _ OH OH

o :
; OH OH

) HO E A S) U2 AR B, Z
9n : :

containing 4 stereoisomers ! R s E

1 HO / HO 'l,l% :

............................................

In a flame dried Schlenk flask, a solution of benzene-1,3,5-tricarbaldehyde (10 mmol, 1.62 g) in dry
THF (20 mL) was cooled to 0 °C under Argon. Vinyl magnesium bromide (30 mmol, 30 ml, 1.0 M in
THF) was added dropwise. After 15 min, the reaction was allowed to warm to room temperature and
stirred for additional 3 h. The reaction mixture was quenched by addition of saturated aqueous NH4CI
and extracted with EtOAc (3x50 ml). The organic phase was washed with brine, dried over MgSOa4. The
solvent was removed under vacuum and the residue was purified by column chromatography on silica gel
(EtOAc/hexane 1:2) to give the corresponding allylic alcohol substrates 9n (containing 4 stereoisomers

which were not separable by TLC and NMR).

OH OH

HO Z

9n
Pale yellow solid. 1.16 g, 47% yield. mp 97.9 — 98.5 °C.
IH NMR (400 MHz, DMSO-ds) & 7.16 (s, 1H), 5.91 (ddd, J = 16.5, 10.0, 6.0 Hz, 1H), 5.45 (d, J = 3.9
Hz, 1H), 5.24 (d, J = 17.1 Hz, 1H), 5.10 — 4.95 (m, 2H).
13C NMR (100 MHz, DMSO-dg) & 144.30, 142.51, 123.14, 113.78, 74.09.

HRMS (ESI): [M+Na]* Calcd for [C1sH1s03Na]* 269.1149, found 269.1143.
IR(neat): 3367, 2922, 2855, 1660, 1603, 1470, 1421, 1221, 991, 912, 773, 745, 611 cmL.
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Procedure for the Synthesis of Potassium Alkynyltrifluoroborates 10h F!

Ph Ph
1) n-BuLi, B(OMe)3, THF, -78 °C I
I 2) 4.5 M aq. KHF,, -20 °C to rt
! BF,;K
10h

To a solution of 3-phenyl-1-propyne (5 mmol, 0.58 g) in dry THF (10 mL) at -78 °C was added n-
BuLi (5 mmol, 3.1 mL, 1.6 M in hexane) was added dropwise. The resulting solution was stirred for 0.5
h. Trimethylborate (7.5 mmol, 0.78 g) was added dropwise at -78 °C. After being stirred for 0.5 h, the
reaction mixture was warmed to -20 °C and stirred for additional 0.5 h. Aqueous KHF (30 mmol) was
added dropwise, and after 1 h the solution was allowed to warm to rt for 2 h. The solvent was removed
under reduced pressure. The residue was dried under vacuum to remove water and then dissolved in hot
acetone (3 x 15 mL). The solution was filtered and the filtrated was concentrated to a minimal volume
(~10 mL) under vacuum. Et,O (~30 mL) was added to precipitate the potassium trifluoroborate. The
mixture was cooled to 0 °C to complete the precipitation. The white solid was collected by filtration to
give 10h.

Ph

BF;K
10h
White solid. 0.61 g, 55% vyield.
'H NMR (400 MHz, DMSO-ds) 6 7.35 — 7.27 (m, 4H), 7.22 — 7.17 (m, 1H), 3.44 (s, 2H).
13C NMR (150 MHz, DMSO-dg) § 138.69, 128.64, 128.32, 126.52, 87.00 (relaxation time d1 = 3 seconds,
no clear signal for the second acetylenic carbon atom), 25.57.
F NMR (565 MHz, DMSO-ds) & -131.25.
HRMS (ESI): [M-K]" Calcd for [CoH7BF3]™ 183.0598, found 183.0591.
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General Procedure for Ir-Catalyzed Allylic Alkynylation
[Ir(cod)ClI], (4 mol%

R !

)oi/ (S)-L1 (16 mol%) ) I :
~ + R———BF:K :

Ar 3 KHF, (1.5 eq.) :
CF;COOH (25eq.) pp~ N

1 i

9 10 "BuyNBr (10 mol%)
1,4-dioxane, 25 °C, 8 h

e

A) Procedure for Product 11a:

[Ir(cod)Cl]2 (5.4 mg, 8.0 umol, 4 mol%) and (S)-L1 (17.8 mg, 32.0 umol, 16 mol%) were dissolved
in 1,4-dioxane (0.4 mL) in a Schlenk tube and vigorously stirred for 15 min. To the resulting dark red
solution, allylic alcohol 9a (0.2 mmol, 1.0 eq.), potassium alkynyltrifluoroborate 10a (0.3 mmol, 1.5 eq.),
"BusNBr (6.6 mg, 20 umol, 10 mol%), KHF (23.7 mg, 0.3 mmol, 1.5 eq.), and CFsCOOH (58.0 mg, 0.5
mmol, 2.5 eq.) were sequentially added. Reaction vessel was flushed with nitrogen, and resulting
heterogeneous orange mixture was stirred at 25 °C for 8 h. The reaction mixture was diluted with hexanes
(2.0 mL), treated with triethylamine (0.1 mL), and directly subjected to purification by flash

chromatography on silica gel using CH2Cl./hexane as the eluents to give to give the product 11a.

B) General Procedure for Products 11b-n:

[Ir(cod)Cl]2 (10.8 mg, 16.0 umol, 4 mol%) and (S)-L1 (35.6 mg, 64.0 umol, 16 mol%) were
dissolved in 1,4-dioxane (0.8 mL) in a Schlenk tube and vigorously stirred for 15 min. To the resulting
dark red solution, allylic alcohol 9 (0.4 mmol, 1.0 eq.), potassium alkynyltrifluoroborate 10 (0.6 mmol,
1.5 eq.), "BusNBr (13.0 mg, 40 umol, 10 mol%), KHF. (47.6 mg, 0.6 mmol, 1.5 eq.), and CFsCOOH
(115.2 mg, 1.0 mmol, 2.5 eq.) were sequentially added. Reaction vessel was flushed with nitrogen, and
resulting heterogeneous orange mixture was stirred at 25 °C for 8 h. The reaction mixture was diluted
with hexanes (2.0 mL), treated with triethylamine (0.2 mL), and directly subjected to purification by flash
chromatography on silica gel using CH>Cl/hexane as the eluents to give to give the product 11.

(Notes: when the substrate 9 containing two or three allylic alcohol moieties (91, 9m and 9n), the usage

amount of potassium alkynyltrifluoroborate 10 and all of additives were double or triple, respectively.)
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The stereoconfiguration of products 11a-n was determined by comparison of optical rotations of 11a
and 11e previously reported in literature (Angew. Chem. Int. Ed., 2013, 52, 7532-7535). [*]

Known compounds:

Literature reported:
[0]*p: -45.3 (c = 2.0, CHCL;)

In this work:
Phe N [0]¥p: -79.8 (¢ = 2.0, CHCI,)
11a

Cl

Literature reported:
[a]*°p: -66.6 (¢ = 2.0, CHCly)

‘ ‘ In this work:
b N7 [0]1%p: -69.4 (c = 2.0, CHCl,)
11e

The (%)-11a-n for HPLC determination were prepared by using

ligand under the above standard conditions.

OH

New compounds:

Ph Ph Ph

[ - 4

N =

YA

Ph

11m
[a]*p: -116.5
(¢ =2.0, CHCly)

111
[@]?°p: -88.4
(¢ =2.0, CHCly)

Ph
[@]*°p: -82.4 (¢ = 2.0, CHCl3)

racemic BINOL-based (£)-L7 as a

BF,K

Ar)\/ + R

[Ir(cod)CI], (4 mol%) R E OO O
(x)-L7 (16 mol%) N ‘ ‘ E 0\
- P-N |
KHF, (1.5 eq.) : o~
CFiCOOH (2.5eq.) pn~ N | OO O
"Bu,NBr (10 mol%) i
1,4-dioxane, 25°C,8h (11 ()-L7
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Ph =

11a

Colorless oil. 37.1 mg, 85% yield. [a]*b: -79.8 (¢ = 2.0, CHCls) (Iitl*: [a]?°p: —45.3 (¢ = 2.0, CHCls)).
'H NMR (400 MHz, CDCl3) § 7.50 — 7.40 (m, 4H), 7.39 — 7.32 (m, 2H), 7.32 — 7.28 (m, 3H), 7.27 - 7.24
(m, 1H),, 6.01 (ddd, J = 16.9, 9.9, 6.1 Hz, 1H), 5.46 (dt, J = 16.9, 1.5 Hz, 1H), 5.19 (dt, J = 9.9, 1.4 Hz,
1H), 4.59 (d, J = 6.1 Hz, 1H).

13C NMR (150 MHz, CDCls) 6 140.15, 137.91, 131.67, 128.65, 128.22, 127.96, 127.68, 127.02, 123.49,
115.25, 88.64, 85.32, 41.96.

HPLC: Daicel Chiralcel® 0J-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr (major)
= 9.27 min, tr(minor) = 10.00 min).

Racemic
mAU ] [
120 P
100
80 -
50
40
20
0 N\/f\
2|5 I5 ?IS II{} 1&5 1|5 1?15 ZIC- 2‘?:5 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 9.494 BV R ©.1456 1288.26501 135.75891 51.0988
2 10.215 VB ©.1566 1232.8595@ 123.40372 48.9012

Totals : 2521.12451 259.16264

Enantioenriched

SPE =
600 '
500 -
4004
300
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Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mau] *

1 9.271 BB 9.1423 6316.11678 693.52784 99.4875
2 9.995 MM @.1433 32.53828 3.78506 8.5125

Totals : 6348.654%98 657.31218@

OMe

Ph 7

11b

Colorless oil. 80.4 mg, 81% yield.

'H NMR (600 MHz, CDCl3) § 7.43 (d, J = 7.6 Hz, 2H), 7.40 (d, J = 8.8 Hz, 2H), 7.35 (t, J = 7.6 Hz, 2H),
7.27 - 7.23 (m, 1H), 6.83 (d, J = 8.6 Hz, 2H), 6.00 (ddd, J = 16.4, 9.9, 6.1 Hz, 1H), 5.44 (d, J = 16.9 Hz,
1H), 5.17 (d, J = 9.8 Hz, 1H), 4.57 (d, J = 6.2 Hz, 1H), 3.80 (s, 3H).

13C NMR (100 MHz, CDCls) § 159.37, 140.37, 138.14, 133.05, 128.63, 127.69, 126.97, 115.65, 115.13,
113.85, 87.10, 85.13, 55.29, 42.01.

HPLC: Daicel Chiralcel® OJ-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 96% ee (tr (major)
=16.95 min, tr(minor) = 23.73 min).

Racemic

mAU ] =

21618

1m€
mé
mé
mé

20
OLF/‘_—A/;A__.M,-—

5 10 15 20 25 ' I I r min{
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [ mAU] g

1 15.824 BB 8.2909 2182.51221 114.13593 50.8986
2 21.618 BB 8.3599 2894 .28369 89.21778 49.9820

Totals : 4196.79598 203.35363
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Enantioenriched

mAU 5 K

] a‘b'
100 =
80
60 7 N

1 Ve
40 ] S . cjb‘??‘
20 Eé?
0] J A ~

N T T T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

1 16.957 MM 0.3170 2540.18237 133.55299 97.9015
2 23.728 MM 8.2965 54.44814 3.06016  2.8985

Totals : 2594.63051 136.61316

Bu

Ph =

11c

Colorless oil. 76.8 mg, 70% vyield.

'H NMR (400 MHz, CDCls3) § 7.50 — 7.41 (m, 4H), 7.41 — 7.33 (m, 4H), 7.32 — 7.26 (m, 1H), 6.03 (ddd,
J=16.8,9.9, 6.1 Hz, 1H), 5.48 (dt, J = 16.9, 1.4 Hz, 1H), 5.21 (dt, J = 9.9, 1.4 Hz, 1H), 4.61 (d, J = 6.0
Hz, 1H), 1.34 (s, 9H).

13C NMR (100 MHz, CDCl3) & 151.20, 140.31, 138.08, 131.40, 128.64, 127.70, 126.98, 125.24, 120.49,
115.15, 87.91, 85.43, 42.01, 34.74, 31.21.

HPLC: Daicel Chiralcel® OJ-H, 0.5% 'PrOH, 99.5% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr

(major) = 9.98 min, tr(minor) = 9.60 min).
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Racemic

AL ﬁ

100

80—

&0 <

40 4

20+

04 A : ;
T T T T T T T
2 4 & 8 10 12 14

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] &

1 9.485 BV 2.2071 1488.84211 111.9%96686 495.8649
2 9.922 VB @.2326 1544.76278 1e2.e3887 50.9351

Totals 3@32.88481 213.99773
Enantioenriched
mAL
200
150
100
50—
0
T T T T T T T
2 4 B 8 10 12 14
Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mau] %
e |- | N |-mmmmmeee |- |
1 9.682 MM @.1278 6.1939]1 B.@7729e-1 @.1457
2 9.983 MM 8.2699 4246.85811 262.18356 99.8543
Totals 4252.25282 262.99129
F
//
Ph
11d

Colorless oil. 70.8 mg, 75% yield. [a]*°p: —43.7 (¢ = 2.0, CHClI5).
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'H NMR (400 MHz, CDCl3) & 7.49 — 7.39 (m, 4H), 7.36 (t, J = 7.6 Hz, 2H), 7.30 — 7.23 (m, 1H), 6.99 (t,
J = 8.7 Hz, 2H), 5.99 (ddd, J = 16.9, 9.9, 6.1 Hz, 1H), 5.44 (dt, J = 16.9, 1.5 Hz, 1H), 5.19 (dt, J = 9.8,
1.4 Hz, 1H), 4.57 (d, J = 6.1 Hz, 1H).

13C NMR (100 MHz, CDCls) § 162.34 (d, J = 248.8 Hz), 140.04, 137.80, 133.52 (d, J = 8.3 Hz), 128.71,
127.67, 127.10, 119.53 (d, J = 3.6 Hz), 115.59, 115.36 (d, J = 3.3 Hz), 88.33, 84.23, 41.92.

F NMR (376 MHz, CDCls) § -111.59.

HRMS (APCI): [M]" Calcd. for [C17H13F]* 236.0996, found 236.1000.

IR (neat): 3065, 3020, 2978, 2203, 1599, 1506, 1452, 1215, 1155, 837, 752, 698, 667 cm™.

HPLC: Daicel Chiralcel® OJ-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr (major)
= 9.56 min, tr(minor) = 11.75 min).

Racemic
mAL =
200 § =
1754
150
125
100
754
I
254
0 —
T T T T T T T T
2 4 6 8 10 12 14 16 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mau] i

1 9.654 BB @.156@ 2268.82460 223.42888 50.1552
2 11.914 BB @.1935 2245.676@3 177.66737 49.8488

Totals : 45@5.78068 401.89625

Enantioenriched

mALl u}"l,
500 .ﬁf
400 w
300
200 >
)
100 2 ,a;»”'b
- &
0 =
2 1 5 8 10 12 14 16 i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAaU*s] [mau] S

1 9.556 MM 2.1684 5629.71973 557.82747 99.5668
2 11.751 MM B.1328 24.49144 3.87461 @.4332

Totals : 5654.21117 568.1a288
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Cl

Ph Z

11e

Colorless oil. 66.5 mg, 66% yield. [a]*’p: —-69.4 (¢ = 2.0, CHCI3) (lit!*): [a]**p: —66.6 (c = 2.0, CHCls)).

13C NMR (150 MHz, CDCls) 6 139.91, 137.67, 133.97, 132.92, 128.72, 128.57, 127.66, 127.14, 121.98,
115.42, 89.75, 84.20, 41.96.

HPLC: Daicel Chiralcel® 0J-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr (major)
= 8.20 min, tr(minor) = 9.47 min).
Racemic

mAL B
120 4 ]

9.413

2 4 ] 8 10 12 14 16 18

mir}

Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s ] [mau] S

1 8.169 BB 8.1271 1e87.18237 138.65259 508.9298
2 9.413 BB 2.1456 1e47.4881e 111.48887 49.87a2

Totals : 2134 . 67853 242.14146
Enantioenriched

mALl 3
400
300+
200
/\El
100 car-g’
o N
- e@-
0 P
T T T T T T T T T
2 4 ] 8 10 12 14 16 18 miry
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Peak RetTime Type Width Area Height Area
# [min] [min] [mal*s] [mau] %

1 8.284 BB @.1225 3728.83691 469.185387 99.4838
2 9.47a MM @.12a8 19.387604 2.6064348 8.5162

Totals : 374@.14455 471.77817

Br

Ph =

11f

Colorless oil. 61.6 mg, 52% yield. [a]*’b: —38.3 (¢ = 2.0, CHCI5).

'H NMR (400 MHz, CDCls) § 7.46 — 7.39 (m, 4H), 7.38 — 7.24 (m, 5H), 5.99 (ddd, J = 16.9, 9.8, 6.1 Hz,
1H), 5.43 (dt, J = 16.9, 1.4 Hz, 1H), 5.19 (dt, J = 9.8, 1.4 Hz, 1H), 4.56 (d, J = 6.1 Hz, 1H).

13C NMR (100 MHz, CDCI3) 8 139.87, 137.63, 133.15, 131.50, 128.73, 127.67, 127.15, 122.45, 122.16,
115.44, 89.96, 84.26, 41.98.

HRMS (APCI): [M]" Calcd. for [C17H13Br]* 296.0196, found 296.0200.

IR (neat): 3063, 3020, 2928, 2203, 1639, 1585, 1485, 1215, 1070, 1011, 926, 825, 748, 698, 667 cm™,
HPLC: Daicel Chiralcel® OJ-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr (major)
= 8.82 min, tr(minor) = 10.09 min).

Racemic

mAU ]

0,057

300
250 4

T T T T : T T
2 4 6 8 10 12 14 i

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maL] %

1 8.823 BB @.1382 3194.38542 357.58911 49.3361
2 1e.857 BB @.1633 328@.27783 310.318l12 50.6639

Totals : 6474.58325 ©B67.89923
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Enantioenriched

mAL
7005
600 3
500 4
400 3
300
&)
200 e
g
100 S @
0 N .

=

2 4 3] 8

12 14 mir}

5_

Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %
1 8.818 BB 2.1395 59@7.74689 764.23743 99.5866
2 l1le.8386 MM B.1728 28.67433 2.76591 2.4134

Totals : 6936.420842 7J67.08334

Colorless oil. 62.7 mg, 70% yield.

'H NMR (400 MHz, CDCl3) § 7.47 — 7.38 (m, 3H), 7.39 — 7.30 (m, 2H), 7.29 — 7.21 (m, 2H), 7.12 (dd,
J=5.0, 1.2 Hz, 1H), 5.99 (ddd, J = 16.9, 9.9, 6.1 Hz, 1H), 5.43 (dt, J = 16.9, 1.5 Hz, 1H), 5.18 (dt, J =
9.9, 1.4 Hz, 1H), 4.56 (d, J = 6.1 Hz, 1H).

13C NMR (100 MHz, CDCI3) & 140.09, 137.86, 130.06, 128.69, 128.26, 127.71, 127.07, 125.14, 122.46,
115.34, 88.21, 80.36, 42.01.

HPLC: Daicel Chiralcel® 0OJ-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 97% ee (tr (major)
=12.58 min, tr(minor) = 14.61 min).

Racemic

ALl

14,558

400

300 4

200
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Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %

1 12,599 VB R ©.1%62 5956.21246 454.37854 5@.3578
2 14.556 BB @.2326 5862.19141 391.59781 49.6822

Totals : 1.18184e=4 855.96835

Enantioenriched

mALl
800
600
400
&
200 EC A
s
0 -
T L T T T T T T T
2 4 B 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %
S REEES P O |-=-meeee-- |==-==e-- |
1 12.576 BB 9,288 1.22444e4 947.32843 98.49806
2 14.608 MM @.2237 187.64713 13.98213 1.5894
Totals : 1.24328e4 961.38256
Ph
_
Ph
11h

Colorless oil. 30.6 mg, 33% yield. [a]*°b: —19.8 (¢ = 2.0, CHClI5).

'H NMR (400 MHz, CDCls) § 7.43 —7.28 (m, 8H), 7.27 — 7.19 (m, 2H), 5.95 (ddd, J = 16.6, 9.9, 6.1 Hz,
1H), 5.39 (dt, J = 16.8, 1.6 Hz, 1H), 5.13 (dt, J = 9.9, 1.5 Hz, 1H), 4.42 (dd, J = 4.1, 2.0 Hz, 1H), 3.70 (d,
J=2.3Hz, 2H).

13C NMR (100 MHz, CDCls) & 140.59, 138.42, 137.19, 128.60, 128.49, 127.90, 127.65, 126.91, 126.51,
114.97, 82.84, 81.43, 41.60, 25.31.

HRMS (APCI): [M]* Calcd. for [C1sH1s]" 232.1247, found 232.1252.

IR (neat): 3063, 3032, 2922, 2237, 1730, 1643, 1599, 1493, 1452, 1269, 1208, 923, 756, 733, 698 cm™.
HPLC: Daicel Chiralcel® 0OJ-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 98% ee (tr (major)
= 14.38 min, tr(minor) = 12.44 min).
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Racemic

mALl J
140 4
1204
100
201
60
40
20
0]

012

T T T T T T T T T
25 5 75 10 125 15 175 20 225 miin

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] &

1 12.126 BE 2.1993 2841.53931 159.48875 495.1826
2 14.812 VBE R ©.2245 2185.39917 142.568480 58.8174

Totals : 415@8.93848 302.17355

Enantioenriched

mAL Y
2504
200
150
100
AV
50 g &
S
0 I I V— Y by L
T ] T T T T T 1 1
25 5 75 10 125 15 175 20 225 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] 4

1 12.438 MM 2.1861 55.87228 4.93144 1.1561
2 14.375 BB 2.2472 4788.69588 293.51111 S58.8439

Totals : 4763 .76888 298.44255

Ph =

i
Colorless oil. 50.2 mg, 69% vyield.
'H NMR (400 MHz, CDCl3) § 7.37 — 7.27 (m, 4H), 7.26 — 7.18 (m, 1H), 5.89 (ddd, J = 16.9, 9.9, 6.2 Hz,
1H), 5.32 (dt, J = 16.9, 1.5 Hz, 1H), 5.10 (dt, J = 9.8, 1.5 Hz, 1H), 4.30 (dd, J = 6.1, 1.8 Hz, 1H), 1.35 -
1.25 (m, 1H), 0.80 — 0.71 (m, 2H), 0.73 — 0.65 (m, 2H).
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13C NMR (100 MHz, CDCl3) § 141.01, 138.92, 128.81, 127.86, 127.09, 114.98, 88.83, 74.54,41.75, 8.54,
8.52.

HPLC: Daicel Chiralcel® 0J-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 98% ee (tr (major)
=9.86 min, tr(minor) = 10.56 min).

Racemic
mAU ] a
-]
70
60
50+
40 4
w_
2@_
10
0 A Y N U .
T T T T T T T T T
2 4 B 8 10 12 14 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [maU] %
1 9.942 BB 8.1533 772.83349 78.89308 50.3387
2 1©.6839 BB 2.1685 7e6l.65863 78.23734 49.8613
Totals : 1533.69812 148.33842
Enantioenriched
mAL
3003
250
200
150
100 5 59
@ o
50 Befr
0 =
T T T T T T T T T
2 4 [ B 10 12 14 16 18 mi
Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mau] %

1 9.862 BB @.15533 3326.27934 330.72723 98.9758
2 18.556 MM 8.1571 34.41967 3.65892 1.8242

Totals : 33608.69921 334.37815
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Ph Z

11j

Colorless oil. 23.8 mg, 30% yield.
'H NMR (400 MHz, CDCl3) & 7.40 — 7.27 (m, 4H), 7.26 — 7.19 (m, 1H), 5.90 (dddd, J = 16.9, 9.8, 6.0,
1.2 Hz, 1H), 5.35 (dg, J = 16.8, 1.5 Hz, 1H), 5.08 (dg, J = 9.8, 1.4 Hz, 1H), 4.32 (dd, J = 6.0, 1.5 Hz, 1H),

1.26 (s, 9H).

13C NMR (100 MHz, CDCls) & 140.96, 138.96, 128.45, 127.53, 126.68, 114.29, 94.27, 76.69, 41.31,

31.29, 27.57.

HPLC: Daicel Chiralcel® OJ-H, 0.1% 'PrOH, 99.9% hexane, 0.3 mL/min, 25 °C, 220 nm; 99% ee (tr
(major) = 14.42 min, tr(minor) = 13.98 min).

Racemic
AU 2 0&
250 '
2004
150
100 4
504
0
I I T T T T T
2 4 g 8 10 12 14 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAau*s] [mau] %

1 13.732 BY
2 14.424 VB

Totals :

Enantioenriched

@.2618 4557.54883 275.86551 49.1533
@.2774 4818.08146 268.47808 50.8467

9475.55029 544.33551
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Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %

1 13.988 MM @.1988 13.99814 1.17753 @.2968
2 14.419 MM @.2904 4599.84814 264.253183 99.7e32

Totals : 4713.83828 265.42937

|| Cl

Ph =

11k

Colorless oil. 33.1 mg, 38% yield.

'H NMR (400 MHz, CDCl3) 6 7.38 — 7.29 (m, 4H), 7.27 — 7.21 (m, 1H), 5.91 (ddd, J = 16.9, 9.9, 6.1 Hz,
1H), 5.34 (dt, J = 16.8, 1.5 Hz, 1H), 5.12 (dt, J = 9.8, 1.4 Hz, 1H), 4.38 — 4.28 (m, 1H), 3.66 (t, J =6.4
Hz, 2H), 2.47 (td, J = 6.8, 2.3 Hz, 2H), 1.99 (p, J = 6.6 Hz, 2H).

13C NMR (100 MHz, CDCls) & 140.55, 138.42, 128.60, 127.54, 126.92, 114.84, 83.37, 80.24, 43.79,
41.46, 31.65, 16.39.

HPLC: Daicel Chiralcel® OJ-H, 5% 'PrOH, 95% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee (tr (major)
=9.39 min, tr(minor) = 8.82 min).

Racemic

mAaLl J =l
160 4
140
120
100 4
20 4
&0 <
40_
20_
0

=340

T
I T T T T T T
2 F.A [ 8 10 12 14 i)

Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %

1 8.779 BV @.1363 1576.14478 179.7981le 50.1491
2 9.348 VB @.1448 1566.77387 168.81328 49.8589

Totals : 3142.91785 347.81136
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Enantioenriched

mAL
3004
250
2004
150
100 - &
50 a 4
0 ﬁl
T T T T T T T
2 4 B B 10 12 14 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
1 §.828 MM 8.8943 11.99364 2.12815 8.3696
2 9.386 BB 8.1488 3233.47785 349.58252 99.6384
Totals : 3245.47069 342.78267
Ph Ph
\\“ =
1l

Colorless oil. 81.7 mg, 57% yield. [a]**p: —88.4 (c = 2.0, CHCl5).

'H NMR (400 MHz, CDCl3) § 7.53 (s, 1H), 7.49 — 7.40 (m, 4H), 7.35 (d, J = 1.5 Hz, 3H), 7.31 - 7.27
(m, 4H), 7.26 (d, J = 4.4 Hz, 2H), 6.01 (ddd, J = 16.9, 9.9, 6.1 Hz, 2H), 5.46 (dt, J = 16.9, 1.5 Hz, 2H),
5.20 (dt, J = 9.9, 1.4 Hz, 2H), 4.60 (dd, J = 6.2, 1.6 Hz, 2H).

13C NMR (100 MHz, CDCl3) & 140.53, 137.82, 131.69, 128.94, 128.22, 127.96, 127.04, 126.41, 123.46,
115.41, 88.57, 85.42, 41.94.

HRMS (APCI): [M]* Calcd. for [C2sH22]" 358.1717, found 358.1718.
IR (neat): 3082, 3059, 3018, 2928, 2856, 2210, 1639, 1599, 1489, 1441, 1217, 988, 916, 752, 690 cm™.
HPLC: Daicel Chiralcel® 0J-H, 10% 'PrOH, 90% hexane, 0.7 mL/min, 40 °C, 220 nm: >99% ee, 75:1

dr (tr (major) = 17.29 min, tr(minor) = 18.53 min [peak of diastereoisomer]).
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Racemic

X

SIREANS)

dlasteremsomer enantiomer
of
1“ 11
ALl
704
0- 3
504 = .
a0 3 a
304 X
m-
104
n__'—_‘_\_)ﬂ../\_).'h
—r— . — — —
5 10 15 .i] - minl]
Peak RetTime Type Width Area Height Area
# [min] [min] [maU*s] [mau] %
e e EEE P ] TSR EEESRR |
1 17.882 BV 8.4371 1235.99634 43.81936 25.2751
2 1%.828 VB 8.44597 2415.48242 82.48162 49.3%46
3 25.817 BB 8.7499 1238.69660 24,25213 25.3383
Totals 4898.17542 158.55311
(S,S)- Enantioenriched
mALl
300 3
250
200
150
100 3
2
504 5
=
0 - . =
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] &
e L PSS PR R |-mmmmeees [=-mmeeee
1 17.293 BB 2.4149 9894.74219 339.15292 98.6857
2 18.533 BB @.3738 121.12236 5.08692 1.3143
Totals 9215.860445 344.23984
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i

Ph

11m

Ph

A

Colorless oil. 80.0 mg, 56% yield. [a]*°p: ~116.5 (c = 2.0, CHCl5).

'H NMR (400 MHz, Chloroform-d) & 7.54 — 7.47 (m, 2H), 7.45 (s, 2H), 7.38 — 7.30 (m, 3H), 6.03 (ddd,
J=16.7,9.9, 6.1 Hz, 1H), 5.49 (d, J = 16.9 Hz, 1H), 5.22 (d, J = 9.9 Hz, 1H), 4.61 (d, J = 6.1 Hz, 1H).
13C NMR (100 MHz, CDCls) § 138.97, 137.83, 131.68, 128.23, 127.99, 127.98, 123.47, 115.31, 88.62,

85.33, 41.63.

HRMS (APCI): [M]* Calcd. for [CasHz2]" 358.1717, found 358.1722.
IR (neat): 3080, 3055, 3018, 2928, 2856, 2199, 1636, 1599, 1508, 1491,1443, 1215, 988, 916, 752, 690

cm™,

HPLC: Daicel Chiralcel® OJ-H, 10% 'PrOH, 90% hexane, 0.7 mL/min, 40 °C, 220 nm; 99% ee, 31:1 dr

(tr (major) = 12.06 min, tr(minor) = 17.62 min [peak of diastereoisomer]).

Racemic

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 12.286 BB ®.3241 626.87587 29.20801 27.4015

2 17.773 BB B.5563 1927.26184  28.24463 44.9682

3 24.637 BB @.7839 B531.48944 13.34988 27.6384

Totals : 2284.82715 7a.88243
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(S,S)- Enantioenriched

ALl

200
000 4
800
600 3
400 3 &
20 g 5
=
0 s
T T T T T
5 10 15 20 25 i}
Peak Table
Peak RetTime Type Width Area Height Area
# [min] [min] [mau*s] [mau] %

1 12.855 BB 8.3188 3.85596e4 1468.58818 96.8595
2 17.821 MM @.5181 998.82617 32.37387 3.1485

Totals : 3.15584=4 158@.88125

Colorless oil. 109.6 mg, 55% yield. [a]*°p: —82.40 (c = 2.0, CHCls).

'H NMR (400 MHz, CDCls) & 7.52 — 7.37 (m, 3H), 7.32 — 7.19 (m, 3H), 6.02 (ddd, J = 16.3, 9.8, 6.3 Hz,
1H), 5.47 (dt, J = 16.9, 1.5 Hz, 1H), 5.21 (dt, J = 9.8, 1.5 Hz, 1H), 4.61 (d, J = 6.3 Hz, 1H).

13C NMR (100 MHz, CDCl3) § 140.88, 137.73, 131.70, 128.22, 127.95, 125.83, 123.45, 115.57, 88.54,

85.52, 41.93.

HRMS (APCI): [M+H]" Calcd. for [CagH31]" 499.2421, found 499.2424.
IR (neat): 3082, 3057, 3018, 2926, 2201, 1639, 1599, 1491, 1445, 1215, 1070, 989, 926, 750, 690 cm™.
HPLC: Daicel Chiralcel® OJ-H, 20% 'PrOH, 80% hexane, 0.7 mL/min, 40 °C, 220 nm: 99% ee, 43:1 dr

(tr (major) = 7.23 min, tr(minor) = 8.56 min [peak of diasterecisomer]).
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Racemic

i Ph
enantiomer

of

11n

T I T L) 1

5 10 15 2 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mau] x

1 7.229 BB @.3587 474.385865 28.29615 9.6029
2 8.536 BB 8.4847 1912.61568 6@.52533 38.7167
3 11.177 BB 8.9349 1899.55432 38.65528 38.4523
4 17.363 MM 2.2589 B53.47285 4.8387@ 13.22E81

Totals : 4948.82762 116.31538
(S,S,S)- Enantioenriched
I'I'I.NJ_ L
704
604
m_
40 4
304
204
2
10 :
: e N2
‘I; 1In '1I§ Dln
Peak RetTime Type Width Area Height Area
#  [min] [min] [mAU*s] [mAU] %

1 7.227 BB @.3753 2066.32422 82.78975 97.7213
2 8.556 BB 8.3588 48.18363 1.93334 2.2787

Totals : 2114 .58785 84.7831a
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Crystallographic Data

1) X-ray diffraction of (S,R)-4 (CCDC 2126362)

Y

- [220321)

PLATON-Apr 22 08:40:02 2021

r~J
I

[ 5]

]

cxylB77_0Om

P21 2121 R =0.05

C3 X rc3ln
ot =0

RES= O

S0
100

-9 X

Table S2 Crystal data and structure refinement for (S,R)-4.
Identification code
Empirical formula

Formula weight
Temperature/K
Crystal system
Space group
alA

b/A

c/A

o/°

pre

V/°

Volume/A®

z

pcalcglcm3
w/mm?

F(000)

Crystal size/mm?

cxy1677_0m
C42H32AUCIZNO3
937.45

100
orthorhombic
P212121
12.5780(10)
13.7123(11)
21.0398(15)

90

90

90

3628.8(5)

4

1.716

4.391

1848.0
0.35x0.32 x0.28

78




Radiation MoKa (A =0.71073)

20 range for data collection/°4.394 to 56.886

Index ranges -16<h<16,-18<k<18,-28<1<25
Reflections collected 70184

Independent reflections 9114 [Rint = 0.0524, Rsigma = 0.0284]
Data/restraints/parameters ~ 9114/243/482

Goodness-of-fit on F? 1.144

Final R indexes [[>=2c (I)] Ri1=0.0493, wR2 = 0.1205

Final R indexes [all data] R1 = 0.0506, wR2 = 0.1212

Largest diff. peak/hole / e A5.10/-4.56

Flack parameter 0.024(3)

2) X-ray diffraction of (R,S)-4 (CCDC 2126367)

V Prob
" Temp

Y

- 11307211

3 07:37:46 2021

PLATON-Dec

47  cxyl846_Om . RES= 0

=4

50
2498

Table S3 Crystal data and structure refinement for (R,S)-4.

Identification code cXxy1846 0Om
Empirical formula Ca117H29.17AUCI35NO3
Formula weight 906.87

Temperature/K 298

Crystal system orthorhombic

Space group P2:12121
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alA

b/A

c/A

o/°

p/e

v/°
Volume/A3
Z

peaicd/ cm?®
w/mm?
F(000)
Crystal size/mm?®
Radiation

12.999(5)
13.954(4)
22.150(8)

90

90

90

4018(2)

4

1.499

3.931

1783.0

0.31 x 0.24 x 0.22
MoKa (A = 0.71073)

20 range for data collection/°4.66 to 54.672

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-16<h<16,-18<k<15,-25<1<28
37984

9044 [Rint = 0.0454, Rsigma = 0.0479]
9044/270/550

1.071

R1 =0.0476, wR» = 0.1201

R1 =0.0723, wR2 = 0.1338

Largest diff. peak/hole / e A< 1.20/-0.98

Flack parameter

-0.013(4)
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3) X-ray diffraction of (S,S)-4 (CCDC 2126368)

33Y

(1307211

PLATON-Oct 22 05:45:38 2021

Z -132 cxylBl4_0Om

F21 2121 R =0,05

Prob

50
100

RES= 0 -80 X

Table S4 Crystal data and structure refinement for (S,S)-4.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

pre

v/°

Volume/A3

Z

pcalcglcm3
w/mm?

F(000)

Crystal size/mm?
Radiation

cxy1814 Om
C42H36AUNOs
831.68

100

orthorhombic
P212121

9.9266(7)
13.1669(9)
27.3976(19)

90

90

90

3580.9(4)

4

1.543

4.154

1656.0

0.32 x 0.31 x0.25
MoKa (A =0.71073)

20 range for data collection/°5.068 to 55.106

Index ranges

-12<h<12,-17<k<17,-35<1<35
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Reflections collected 84689

Independent reflections 8230 [Rint = 0.0994, Rsigma = 0.0491]
Data/restraints/parameters ~ 8230/221/469

Goodness-of-fit on F2 1.260

Final R indexes [[>=2c (I)] Ri1=0.0512, wR2 =0.1213

Final R indexes [all data] R1 = 0.0595, wR2 = 0.1231

Largest diff. peak/hole / e A®2.53/-3.12

Flack parameter 0.007(4)

4) X-ray diffraction of (R,R)-4 (CCDC 2126366)

— f Prob = 50
fia) = 100
by
]
E
1
o
&
o
=
o
=
=
o
@
£ =131 exylB820_0m P2l 21 21 R = 0.04 RES= 0O-100 X

Table S5 Crystal data and structure refinement for (R,R)-4.

Identification code cxy1820 Om
Empirical formula AuC43H40NOg
Formula weight 863.72
Temperature/K 100

Crystal system orthorhombic
Space group P2:12121

alA 9.9306(6)

b/A 13.2468(9)
c/A 27.4297(18)
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(e]

o/
p/e

y/°

Volume/A3

Z

Pcalcglcm3
w/mm?

F(000)

Crystal size/mm?®
Radiation

90

90

90

3608.3(4)

4

1.590

4.128

1728.0

0.31 x 0.24 x 0.19
MoK () = 0.71073)

20 range for data collection/°4.274 to 56.712

Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=2c (I)]
Final R indexes [all data]

-13<h<13,-17<k<17,-36 <1<36
53502

8989 [Rint = 0.0615, Rsigma = 0.0427]
8989/192/465

1.164

R: =0.0409, wR2 = 0.0792

R: = 0.0455, wR» = 0.0804

Largest diff. peak/hole / e A 1.62/-3.40

Flack parameter

0.027(11)
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5) X-ray diffraction of (S)-L1 (CCDC 2124171)

-3y

(130721)

PLATON-Nov 11 02:04:19 2021

Z -150 exy3422_0m

P 212121

R =0.02

S0
100

RES= 0-131 X

Table S6 Crystal data and structure refinement for (S)-L1.

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

alA

b/A

c/A

o/°

p/re

v/°

Volume/A3

Z

pcalcg/Cm3
w/mm?

F(000)

Crystal size/mm?
Radiation

cxy3422_0m
CagH24NO2P
557.55

100

orthorhombic
P212121
11.8935(6)
12.6595(6)
18.8734(10)

90

90

90

2841.7(2)

4

1.303

1.139

1160.0
0.35x0.31 x0.26
CuKa (A =1.54178)

20 range for data collection/°8.41 to 144.7

Index ranges

-13<h<14,-15<k<15,-20<1<23
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Reflections collected 34083

Independent reflections 5619 [Rint = 0.0397, Rsigma = 0.0219]
Data/restraints/parameters ~ 5619/0/380

Goodness-of-fit on F? 1.047

Final R indexes [I>=2c (I)] R:1=0.0242, wR> = 0.0607

Final R indexes [all data] R: = 0.0250, wR2 = 0.0610

Largest diff. peak/hole / e A©0.18/-0.21

Flack parameter -0.002(4)
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